Section H - Biota
1.   Birds by:   Sandy Lang and Richard Porter
INTRODUCTION: This chapter discusses damage caused in olive groves by birds and small mammals. These small vertebrate pests represent probably the single most vexing production problem for the New Zealand industry. Birds are probably more of a problem than the small mammals so we will devote most of our attention to them.

The damage caused by birds and by small mammals is usually different:

· Birds tend to confine their attentions to the fruit, causing reductions in yield and quality ranging from minor to very severe. Their attack will be repeated each year so has the potential to erode your profits indefinitely.

· Small mammals can’t so easily get at your fruit so usually confine their attentions to parts of the tree closer to the ground. They cause damage that ranges from nothing to catastrophic, as they sometimes will ringbark and kill your trees. Their attack is more likely in young trees so is a problem that will go away to some extent as a grove matures. When attack does occur, however, its onset is usually very sudden and it will set you back years at a time.

On a rather gloomy note we predict that the long-term trend will probably be for these pest problems to worsen rather than to improve, as populations of many pest species are growing and their behaviours change. This growth is consequent upon current trends in land use where we are seeing large areas of pastoral land reverting to scrub or being converted to horticultural, urban, lifestyle or amenity use. All of these provide for the pests increased cover and year-round food sources. Also, the widespread adoption of ‘greener’ urban and rural practices will result in fewer accidental poisonings.

Furthermore, there are no simple or cheap remedies for these pest problems or ones that will provide complete solutions. This is not to say that there is nothing that can be done, simply that your best actions will serve only to reduce, not to eliminate their damage.

Yet another difficulty is that the controls for these creatures available to you raise all sorts of complications and side issues and these have to be properly understood before ‘best practices’ can be put in place. It means that this chapter cannot be particularly short, as we also have to come to grips with some fraught issues such as conservation, litigation, safety and politics. Lastly, you must have sufficient information and understanding of the wider problem and of your particular problem - it will not be quite the same as everyone else’s - to allow you to identify which control strategies will work best in your particular circumstances and which ones probably won’t work at all. You don’t want to waste your effort and money.

We put it on record now that no research has been done on the control of vertebrate pests in olives. We have only limited, and often contradictory, anecdotal information about them. What we offer here is based upon an understanding of these animals and their behaviours in other crops where research has been conducted both here and overseas. We are keen to correct this shortcoming and will be encouraging you to do some data collection for us so that this chapter can at some future date be put onto a more secure footing. MORE
a) Pests, visitors and little helpers: Not all the birds and small mammals in your olive grove are pests. Their mere presence should not necessarily concern you. Certainly some will cause damage but many will have no significant impact at all, and others may even be beneficial. You should be able to identify which are which. MORE
b) Protection: Few of the birds in your grove will be of the protected or semi-protected species. Of those that you might see, few are likely to be serious pests. None of the small mammals is protected. Notwithstanding, there is always the chance that in dealing with the unprotected pests that you may inadvertently kill some protected species. In this case you could face a large fine or even imprisonment. It is also very important that our industry does not develop a reputation for environmental or conservational carelessness. MORE
c) Litigation: A number of regulations and Acts start to apply when you attempt to manage vertebrate pests. These may include: the Arms Act (1983), the Arms Regulations (1992); any Local Body noise nuisance regulations; the Health and Safety in Employment Act (1992); and the Resource Management Act (1991). In an increasingly litigative society you must watch out! MORE
d) Economics: Birds eat olives - but you can spend a great deal of time and money on attempts to control them and you will still suffer damage. Is your effort worthwhile? Would it be better to increase or to decrease your control efforts next year? To answer these and other questions requires quantitative information on what are your actual losses. MORE
e) Cost-effectiveness: To deliver the benefits, bird control must be carried out properly. There are a very large number of bird control methods but these are not all equally cost effective. We do not have information for olives but can probably learn from our experiences with winegrapes where we have established the sound economic benefits of a proper control programme. It is clear that you can still waste your money though, by employing less-than-adequate, or inappropriate control methods. MORE
f) Action thresholds: Birds are conspicuous by sight and sound but the level of damage actually caused by them is difficult to assess. When do you initiate your bird-control programme? How do you rate its success? What are your actual losses? If your losses are becoming extreme, should you bring forward your harvest date? We look at techniques to assess pest damage in order to answer these questions and support your management decisions. These techniques are fairly straightforward but they will take a little time. MORE
g) Control methods (avoidance): Avoidance is always going to be better and cheaper in the long run than cure. The observation that pest damage is very different from grove to grove indicates that substantial reductions in pest damage can be achieved simply by better planning - more careful selection of where you plant your olives, better grove design and more careful management of the grove and its immediate environment. By taking steps to avoid the problem - passive pest control - you will reduce the ongoing costs of crop loss and also of your active control effort. MORE
h) Control methods (cure): The point has already been sufficiently made - but we re-emphasise it all the same - that the first resort should be to avoid a problem rather than to cure it. In this case by good, once-off, site and management decisions rather than by ongoing, expensive and not very effective controls. Control focuses on the symptoms rather than on the cause. It is the environment that you choose/create that attracts pests to your grove in the first place.

We recognise that site selection and design decisions may already have been made; you have already chosen your neighbours, the neighbouring land uses and the neighbouring environments. You find that it is too late to adopt some of the avoidance strategies and so you must look to the second-best options of cure.

There are four ways to exert control on your vertebrate pests. These are: 1) killing (destruction), 2) netting (exclusion), 3) repelling (chemical) and 4) deterring (scaring). Not all of these are appropriate for nowadays or for olives in particular and most of them have the potential to get you into serious strife with your family, employees, neighbours, the law and the general public. We discuss them in some detail. MORE
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2.   Anthropod Pests by:   Sandy Land and Graham Burnip
PRELIMINARIES

Of the creatures found in any horticultural production system, the term ‘pest’ is usually applied to some of the range of arthropods present. The arthropods have hard exoskeletons and jointed limbs. This usage of the term pest conventionally excludes the small vertebrate pests (See BIRDS AND SMALL MAMMALS) and the microbial and fungal pests (See DISEASES). The arthropods contain members of the Insecta (insects - with 6 legs), the Arachnida (spiders, mites - with 8 legs) and the 
Myriapoda (centipedes, millipedes - with many legs). It is these ‘beesties’ that we discuss in this chapter.

Impact: By no means all of the arthropods found in your grove are actually pests. Those present are usefully grouped under three headings on the basis of theirbehaviour:

· Pest species (those doing some harm)

· Beneficial species (those doing some good)

· Incidental species (visitors/residents having no particular impact either way)

The impact of any of these species in your grove is usually in proportion to the size of its population. This means that the mere recorded presence of a particular species is immaterial if its numbers are low. Thus, a few beneficial individuals can contribute no significant benefit and, conversely, a few pestiferous individuals can cause no significant harm. To summarise, the economic impact of any arthropod species depends not only on its behaviour but also on its numbers.
a. THE GROUPINGS
PESTS 

In contrast with other fruitcrops grown in New Zealand, and with olives grown overseas, most New Zealand groves do not harbour arthropod pests at levels sufficient to cause economic levels of damage. This is excellent news for our industry and is the envy of our overseas competitors. The only arthropod species that approach pest status here (i.e. on ther basis of behaviour and numbers) are scale, occasionally Puriri moth and rarely thrips. This enviable situation can probably be attributed to the large numbers of beneficial species that are also present in our groves and that are known to feed on the pest species. Perhaps this is nature’s way of making up for the huge damage done in some of our olive groves by birds (some of which also eat the pest arthropods).
BENEFICIALS
A wide range of beneficial insects are to be found. Like the pest species, some are common to all regions (e.g. leafroller parasites, ladybirds, whirlygig mites, predatory bugs, praying mantis) while other species are found only within some regions (e.g. ants, steelblue ladybird).

The importance of beneficial species in the control of pests is sometimes hard to establish. We note, however, that in a study completed during 2000 for ONZ byHortResearch from a total of 43 leafroller larvae collected, only 5 emerged as adults. The vast majority (81%) were parasitised by small wasps, mostly by Dolichogenidea tasmanica.
INCIDENTALS

A number of species can be found associated with tree crops that are incidental (neither pests nor beneficial). They can sometimes be present on the tree in large numbers, especially if their habitat is in close proximity (e.g. adult midges may shelter in olive trees, but feed in the soil). However, sometimes, like Tydeid mites and booklice, they can provide an alternative food source for the natural enemies of the pests.
b. PEST AVOIDANCE

It is generally true that damage from arthropod pests is much better avoided than fought (indeed the same is true with most other hazards to olive production such as those posed by wind, frost, birds, disease etc). Strong support for the validity of this view is to be found in the highly variable levels of arthropod damage observed amongst the groves in any region. It is usually an immediate proximity to an external population of the pest species that causes the problem, not some aspect of grove management that can somehow be adjusted. The pests simply migrate into the grove from nearby native bush (Puriri) or pasture (grass grub). Pest avoidance is really only possible at the time of site selection as any attempt to press a land use change upon a neighbour is unlikely to be met with much favour.
c. CONTROL

Opportunity: An excellent opportunity exists for the New Zealand olive industry to develop fully sustainable practices with regards to the arthropod pests. In addition to keeping production costs low, this would provide an additional quality attribute and an excellent point of differentiation for marketing.
d. ASSOCIATED THREATS

ENEMY #1 The Olive Fruit Fly, Bactrocera oleae [MORE] [MORE] is absent from New Zealand (and Australia) but is a major olive pest overseas and is endemic in the Mediterranean and the USA. Olive Fruit Fly would create immeasurable damage to our industry if it were somehow to become established here. We rely upon MAF to keep this one out for us and should strongly discourage any colleagues returning from Europe or USA who think that it might be clever to ‘sneak’ olive material illegally into our country.
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ENEMY #2 The use of synthetic insecticides creates potentially serious threats to the New Zealand olive industry even if this usage is by only a small minority of growers (currently <10%).

First there is the regulatory risk of off-label usage - none of the synthetic insecticides are registered for use with olives.

Perhaps of greater issue is that the active ingredient in many sprays is lipophilic (fat/oil soluble). This means that the likelihood of a residue accumulating in the end product (olive oil) is much higher than that of the same residue accumulating in the (watery) end products from other horticultural sectors such as winegrapes, apples or kiwifruit with which the product may have registration and ‘safe’ usage.

e. NO INSECTICIDES
In our view, good levels of arthropod pest control should be able to be achieved (or at least their damaging effects tolerated) without any use of synthetic insecticides...
************************************************************

NOW TO IDENTIFY THE ARTHROPODS IN YOUR GROVE...!

Click on the ladybird below to access a listing (with images and short descriptions) of the common arthropods to be found in New Zealand olive groves



************************************************************

FURTHER READING

Common Insects, Reed New Zealand Nature Series - Brian Parkinson (2001) $16.99. This book contains concise and easy reference information about common insects that are found around New Zealand. Fifty-five different insects are covered; the text includes information on appearance, development and distribution and habitat. Each entry is accompanied by colour photograph(s).

Backyard Bugs. A Guide to Pest Control in the Home and Garden - Bruce Chapman(1998) $24.95. This book provides guidelines on how to recognise over 60 insects. It is written in simple, non-technical language as a quick-reference guide. Bruce Chapman is a Senior Lecturer in Entomology at Lincoln University.

Which New Zealand insect? - Andrew Crowe, Penguin Books (2002) $39.99. A great reference book. Andrew Crowe has written and/or illustrated more than 30 books about nature in New Zealand.

The Life-Sized Guide to Insects - Andrew Crowe, Penguin Books (1999) $25.99. Another great reference book.

Olive pests and diseases - Graham Burnip and Kate Blood (2001) $10. This pocket-size field guide is available from ONZ EXECUTIVE OFFICER 
BugKEY is a web-based guide designed and offered by HortResearch to aid identification of insects in NZ pipfruit and stonefruit. It includes many of the olive pests

3. Olive Diseases  SANDY LANG    IAN HARVEY
PRELIMINARIES

Scope: A plant ‘disease’ can be defined as any abnormal condition that is caused either by:

· A living or ‘biotic’ infectious agent such as fungus, bacterium or virus or

· A nonliving or ‘abiotic’ environmental factor such as nutrient imbalance, wind, sunburn or an extraneous chemical such as a herbicide

Note: Other biotic disease agents exist such as mycoplasmas, viroids and algae but these are quite rare. Also, nematodes and some invertebrate pests like mites, can damage plants in a way that produces symptoms similar to those of a disease.
In this chapter we concern ourselves mainly with the first group, the biotic causes of disease. We cover most of the disease conditions that are likely to be encountered in a New Zealand olive grove. Fungi are the agents responsible for the vast majority of such diseases.
Sources: There are not many good sources of information on olive diseases but those relating to the New Zealand situation (which is very different from that in most overseas olive-growing regions) are almost non-existent. This chapter will help you to recognise, diagnose and control the more important diseases in New Zealand olive groves.

Importance: In order of their decreasing economic importance to olive production in New Zealand, the three most important diseases are:

· Peacock spot (caused by the fungus Spiloceae oleaginea),

· Anthracnose (caused by the fungus Colletotrichum sp.) and

· Olive knot (caused by the bacterium Pseudomonas savastonoi pv. Savastonoi).

Because of its importance to the industry, ONZ is engaged in research into the peacock spot fungus through a Lincoln University/HortResearch PhD study. We devote a separate chapter to this problem. See PEACOCK SPOT
a) THE IMPORTANCE OF DISEASE 
-  Profit erosion: The various olive diseases, the leaf spots, wilts, root rots, cankers, fruit rots and dieback etc, all affect the bottom-line profitability of your olive business. They do this both by reducing your revenue and by increasing your costs.
-  Revenue reduction – In a young olive grove, disease has the potential to reduce your income through slowed/erratic establishment and through a delayed arrival at full cropping. In a mature grove income has the potential to be reduced through lowered fruit production and inferior fruit/oil quality.

-  Cost increase – In any grove, your profit line will be reduced through the requirement for a greater expenditure on labour and materials required to reduce disease risk (disease avoidance), to minimise disease occurrence (prophylactic activity) and to attend to disease outbreaks when they occur (cure).
BE AWARE & ACT
Stay aware: You should be continuously on the look out for signs of disease. ‘Walk’ your grove regularly, and systematically looking out for signs of trouble. Do this more often, and more thoroughly after any major weather event (a violent storm), at high disease-risk times of the year (spring/early summer) and after periods of especially warm/wet weather (at any time of the year).
Act promptly: If you become aware of an increased disease risk (e.g. broken branches) or a disease outbreak (e.g. leaf spotting), prompt and appropriate action is of paramount importance. You must quickly take steps to clean up after a storm and, in the case of an outbreak of disease to determine:
The disease’s cause:

Is it due to a biotic or an abiotic factor?

Its importance:

How badly are the trees affected (severity)?

How widespread is the outbreak (extent)?

What will be the result if you do nothing (prognosis)?

Your reaction, if any:

How should the outbreak be treated/contained (response)?

How can further outbreaks be avoided/minimised (damage limitation)?
Paid professional help: If unsure of any of these steps, you should employ a reputable consultant to help you. Even an experienced professional may have to call for laboratory tests to confirm their preliminary on-site diagnosis.
Certainty is important - It is very important that you should act on the basis ofestablished fact rather than on the basis of mere guesswork. Much time and money can sometimes be wasted by applying a wrong treatment based on a wrong diagnosis. A wrong diagnosis leads to a worsening problem because an inappropriate response leads to no improvement in the condition and, meanwhile, the (effectively) untreateddisease will have spread and become more difficult, and expensive to contain, as more of the trees will now be more severely afflicted.
Educational - Getting professional advice is highly educational so the cost involved can be thought of as an investment in your own education, not just as solving an immediate problem. Your increased knowledge will lead to better management into the future. 

************************************************************

IDENTIFY THE DISEASES IN YOUR GROVE...!

Click here on the leafspot image below to access a listing (with images and short descriptions) of the diseases you may encounter in New Zealand olive groves.



************************************************************

· PHILOSOPHY

DISEASE RESISTANCE

The broad philosophy behind BMP/IOP is to try to avoid problems rather than tocorrect them. It is worthwhile to briefly consider the matter of disease resistance.
High, but variable: The causes of disease - fungal spores, bacteria, viruses etc - are all around us. All olive trees have a high natural resistance to most of these disease agents but this resistance is not uniform amongst the various cultivars and it is usually much reduced when a tree is under any sort of stress.
Inherited vs expressed: There are two types of resistance:

· Natural, or ‘inherited’ resistance that can be increased through plant breeding and that can be implemented by wise cultivar selection, and

· Induced, or ‘expressed’ resistance that is possessed by an unstressed tree enjoying an ideal growth environment achieved through good site selection and good grove management etc
DISEASE AVOIDANCE

Disease is generally more of a problem in olive groves situated in the north of the country than those in the south. This has to do primarily with climate - a warmer, wetter north vs a cooler, drier south. In short, if you choose to grow olives further north, say in the upper part of the North Island, we know that you WILL suffer an increased risk of disease. We also know that you will experience a reduced risk of frost, so don’t infer that we are advising against growing olives in the north!

If you are planting an olive grove in the more-northerly regions of the country you should give special priority to the selection of cultivars that have known high levels of natural disease resistance. You should also do all in your power to select a site in which the key micro-environmental variables are such as will tend to minimise disease risk - given the generally ‘disease-adverse’ regional climate.

It is common to observe from grove to grove wide variability in the incidence and severity of disease. The causes of this variability are usually fairly obvious. They commonly have to do with the general situation of the grove (site selection) and sometimes with the quality of grove management (implementation of best practice). In particular, groves that suffer worst from disease are likely to have poorly-drained soils, to be over sheltered by tall trees or by local topography, to have long, unkempt grass, and overly-dense canopies. While some of these are features of the grove’s situation and are out of your control (e.g. a possible site-selection error), many are more amenable to change: mow the grass short, remove tall shelter trees, improve soil drainage, improve canopy management.

For a more detailed discussion see DISEASE AVOIDANCE
See also CULTIVAR SELECTION
See also SITE SELECTION 

See also GROVE FLOOR
See also WIND MANAGEMENT
See also CANOPY MANAGEMENT
FURTHER READING

Olive pests and diseases - Graham Burnip and Kate Blood (2001) $10. This pocket-size field guide is available from ONZ EXECUTIVE OFFICER 
The Olive Book - Gareth Renowden (1999) $39.95 CANTERBURY UNIVERSITY PRESS146 pp

4. Peacock Spot by:   SANDY LANG
ACKNOWLEDGEMENT: Peacock spot is one of the major problems for olive culture in New Zealand. The seriousness of the disease has led to the development of a research programme investigating the factors that influence the disease. This has the aim of developing more effective disease-control strategies. The research is being conducted by FRIDAY OBANOR a PhD student at Lincoln University. Friday provided much of the background information upon which this chapter is based.
a)   THE DISEASE

What it is: ‘Peacock spot’, ‘olive leaf spot’ and ‘bird's eye spot’ are all common names for the disease caused by the fungus Spilocea oleaginea. An olive tree’s fruit and stems may be attacked by this fungus but lesions are much more often seen on the leaves. Lesions appear first as small sooty blotches 2-6 mm in diameter but soon grow to become dull green/black and grow to 8-10 mm diameter. They can also develop a yellow halo - thus the common names.
Importance: Peacock spot is well known wherever olives are grown but for most overseas producers this disease is very much less serious than it is for us. Indeed, for a significant part of the New Zealand olive industry, peacock spot infections are so bad that they undermine the viability of commercial production. The problem is that our mild, humid climate especially favours the disease. Here, infections are generally worst in warmer, wetter regions (mostly in the North Island) and less severe in cooler, drier regions (mostly in the South Island).
Disease resistance: All olive cultivars are potentially subject to infection by peacock spot but some are more resistant to it than others. If you are considering planting in a specially ‘at risk’ part of the country, you would do well to select cultivars having good levels of natural resistance (see cultivar details under CULTIVAR SELECTION also see the FAO site.
Infection and spread: New peacock spot infections are usually seen in late winter or early spring and most infected leaves tend to fall prematurely by summer. However, not all the infected leaves fall and it is those that remain that allow the fungus to survive and to spread through the canopy and on to neighbouring trees.
Defoliation: Leaf fall inevitably reduces the photosynthetic area of the canopy and the resulting reduction in sugar synthesis, starves the tree, slows new growth and reduces fruit production. Very severe peacock spot infections are not uncommon (especially from the Auckland region and northwards) where the resulting massive defoliation can be quite devastating, setting back the trees by at least one season - the time taken for trees to replace leaves that have been lost. [MORE]
	REDUCED LEAF AREA

	=

	REDUCED PHOTOSYNTHESIS

	=

	REDUCED GROWTH

	=

	REDUCED CROP


Figure 1 The result of reduced leaf area is reduced yield.
b)   DISEASE MANAGEMENT
If we are to discover ways to manage peacock spot, we must first better understand the basics about the disease. Much has been written on the subject but most relates to the disease as it occurs overseas where (because of climate) it is rarely as serious a problem; also, some of these writings re-present older (incorrect or incomplete) views regarding either the biology of the disease or the ‘best ways’ of dealing with it.

As with any living organism, a number of stages are involved in the completion of a new generation of peacock spot (See Fig. 2). Starting with sporulation an already-established growth of the fungus releases many millions of tiny conidia (asexually produced spores). Each of these spores is potentially capable of creating a new infection. If the spores are to be successful in their task, they must first bedispersed as widely as possible in order to find a leaf into which to grow. When a spore finds itself on an area of healthy leaf (and other conditions are also met) it nowgerminates and infects (penetrates) the cuticle of the new leaf. When infection has occurred, it is only a matter of time before the fungus has developed to a point at which it is ready to produce a fresh generation of spores. The full life cycle of peacock spot takes between 2 and 6 months to complete depending on the cultivar, the time of year and the weather.
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Figure 2. The life cycle of peacock spot.
Best management of peacock spot involves first understanding the disease’s life cycle [MORE] and then seeking ways in which to interfere with it.

Get on top, stay on top: It is very important that as an industry we get on top of peacock spot. Indeed the very (commercial) sustainability of the industry in some regions depends upon our achieving better success in this regard. There are two general ways to deal with any problem the first (and best) is by avoidance and the second (and most expensive and lest effective) is by cure. Let us look at the second of these first…
c)   SPRAYING FOR PEACOCK SPOT

The life cycle of a fungal disease creates a number of ‘windows of opportunity’ through which it may be possible to interfere with the organism. The disease life cycle stages against which most agrochemical sprays have their effect are those of spore germination and/or of infection. Potentially, therefore we should be able to spray our trees whenever germination and infection are likely and so we should be able to control the disease. Life is never as straightforward as all that!
Disease risk period: Overseas, it has been found that spring and autumn are the periods of greatest disease risk for peacock spot (too dry in summer, too cold in winter). Here in New Zealand, our moist and mild climate extends the period of infection risk from peacock spot to almost the whole year round. This is because, compared with overseas, extended periods of wet weather are not uncommon in summer and likewise periods of warm weather in winter.

In reality, it is more useful for us to assess disease risk in terms of the weather rather than of the calendar. You should consider your grove to be at (potential) risk from peacock spot the whole year round and especially when it is warm and wet.
Spray registration: We note that at present (2004), only one fungicide has registration in New Zealand for use with olives – Cuprofix, a wettable powder containing 200 g /kg of copper as Bordeaux mixture. We also note that ‘off-label’ usage of sprays with olives raises serious issues both with market access and (potentially) with food safety. [MORE]
Copper based: Somewhat contrary to the common view in New Zealand, we are not at all convinced that copper–based fungicides are very effective at all in the control of peacock spot under our conditions. Worse than this, thier use can have quite serious negative consequences.
Phytotoxic - Instead, these cuprous materials DO raise potentially serious questions regarding phytotoxicity - there is evidence that copper can cause defoliation and can also interfere with flowering and fruitset.
Not sustainable - The use of copper-based fungicides also raises questions of long term sustainability in that copper is a heavy metal (notwithstanding the fact that it is acceptable within the various ‘organic’ regimes) and it is absolutely persistent in the upper layers of the soil

Progress essential: If olive growing is to become economically sustainable in many parts of the country, we must develop production systems in which peacock spot is brought under better control than it is at present. These systems will have to be both more effective and also more ecologically sound than fungicide spraying currently is. [MORE]
d)   AVOIDING PEACOCK SPOT

A main focus in modern horticulture is on finding ways to avoid problems rather than to try to cure them. Given the severity of the peacock spot problem to our industry (life or death in some regions) and the inadequacies of the traditional cures (by spraying) it is important that we look most carefully at the various avoidance strategies. It is recognised that the best of these are chosen at the outset of a venture...
Site selection: It is well established that peacock spot is less of a problem in the south of the South Island (cooler and drier) than in the north of the North Island (warmer and wetter). This generality is, of course overridden by local microclimate effects so that, within a particular region, there will be places that enjoy conditions that are atypical of the region as a whole. Avoid regions and microclimates that tend to warmth and wetness.
Cultivar selection: While all cultivars can suffer from peacock spot, it is well established that some are very much more susceptible to it than others. So, in a higher disease-risk region go for maximum disease resistance when choosing which cultivars to plant.
Shelter management: You cannot control the weather that wets and warms your trees creating conditions favouring the spread of fungal disease but you can take steps to ensure that your trees dry out as rapidly as possible after wetting to reduce infection rates.

Many New Zealand olive groves are very over sheltered with the result that a pool of tranquil, humid air is trapped within them and this slows the drying of the canopy and increases infection. You should work to increase air movement through your grove so as to hinder the build up of humid air and to speed the flow of fresh (drier) air between and through the trees. A good breeze also shakes adhering drops of rainwater from the leaves.
Canopy management: An overly dense canopy tends to deflect airflow around the tree rather than allow it to pass through it. The dominant effect then of an overly dense canopy is that it will be slow to dry. Keep on top of your canopy management, especially in regions where tree growth is very vigorous and disease risk is high.

Grove floor management: Approximately 20% of all rainfall never reaches the ground but is intercepted by the wetted leaves of trees and grass. In an average olive grove, roughly half of this intercepted rain water is held in the olive trees and the other half in the grass. While the leaves of both remain wet, the relative humidity of the air in your grove will be elevated and drying will be slowed.

Because the amount of water held up by grass depends on its length, long grass extends the period that your olive leaves will remain wet after rainfall and this will increase peacock spot. Keep the grass understorey short at all times of the year and especially at the high risk times of springtime/early summer when grass growth can get away from you.
Irrigation: The operation of an irrigation system tends to raise the air humidity in a grove. Irrigation is best done early in the day (before it gets too hot so conserving water) but certainly you should avoid irrigating in the late afternoon or the wet soil and understorey will raise the humidity of the air in your grove overnight. [MORE]
e)         CONCLUDING

Disease risk from peacock spot extends throughout the year. The weather report is a better indicator of disease risk than the calendar!

By far the best way of dealing with peacock spot is by putting into place a range of avoidance strategies. These start with wise cultivar and site selection and move on to good grove management practices that focus on ways of speeding the drying of the canopy following dew or rainfall. Spraying should be seen as a last (but probably necessary) resort when all else turns out to have been insufficiently effective.

The general efficacy of the copper-based formulations is in some doubt. Likewise their suitability from the point of view of phytotoxicity (defoliation, reduced fruitset). Likewise their long-term sustainability (copper is a heavy metal).

The use of the whole range of (currently) off-label synthetic sprays is risky (residues in the oil, market access issues).

5. Spraying by:   SANDY LANG    DAVID MANKTELOW
a)   SUSTAINABILITY

The broad focus in this manual is on sustainability. Both Best Management Practice and Integrated Olive Production look for ways to avoid or to manage an olive grove such that the social, financial and environmental elements of sustainability are each maximised. For more see IOP/BMP AND SUSTAINABILITY
-   The chemical days: Perhaps nowhere do the principles of sustainability bear upon olive culture more directly than with its use of agrichemicals. Certainly, this is where ‘organic’ production had its origins and, somewhat later, IFP (Integrated fruit Production). Happily, the New Zealand horticultural industry has largely moved on from the time when fruitcrops were sprayed with broad-spectrum, persistent agrichemicals as soon as the presence of any pest or disease become apparent. Worse still in those not-so-distant days, agrichemical sprays were applied on schedule with prophylactic (preventative) intent, even when there were no signs at all of the target pest or disease.

We are still smarting from that era. Some of the agrichemicals used then were particularly pernicious and their residues will remain in the environment for many years to come – some forever. As we write (April 2005) news items are discussing liability issues associated with housing development on land previously used for horticulture. Some of this land is contaminated with persistent and dangerous agrichemicals. We are certain that new scares are yet to come to the surface from old agrichemical usage.
-  The more thoughtful days: Happily nowadays, most (not all) of the more dangerous and environmentally persistent agrichemicals have been withdrawn and these have been replaced by safer and more quickly degradable materials.

Also, agrichemical usage is declining. It is now generally accepted that rather than applying an agrichemical spray as a first response, one should instead take all reasonable steps to avoid pests and diseases and then – and only then - apply an agrichemical only as a last resort. As stressed time and again in this BMP/IOP manual, the appearance of many pests/diseases at levels that cannot simply be ignored is often indicative of poor management. If suitable adjustments are made to grove management, the problems will in many cases simply go away or at least reduce significantly.

However, for the more intractable pest/disease problems we do still sometimes need to apply a spray. In this case, ‘best practice’ dictates that we monitor the level of the pest/disease and then apply a suitable agrichemical only at a stage when maximum control can be achieved and when there will be with a minimal impact on the environment.
b)   BEST PRACTICE

-   Effective spraying: This chapter starts from the point at which all reasonable action has already been taken to avoid a pest/disease, and that it is now a necessary and responsible action to apply a spray. We focus here on how this should be done so as to have a maximum negative effect on the target organism and a minimum negative effect on the environment.

-   Ineffective/irresponsible spraying: This chapter deals with the aspects of spraying practice that are most often misunderstood or got wrong – sometimes with the result that the pest/disease is scarcely impacted at all (ineffective spraying) and sometimes with the result that the environmental impact is unnecessarily severe (irresponsible spraying).

c)   AGRICHEMICAL USAGE

A recent survey of agrichemical usage in New Zealand horticulture indicates that the olive industry’s usage of agrichemicals typically entails the application of around nine (x9) sprays per season. These might include five or six applications of copper (either as the oxide or the hydroxide) and one each of a synthetic fungicide (e.g. Difenoconozole), a herbicide (usually glyphosate), an insecticide (e.g. Chlorpyrifos, Lufenuron or Tebufenozide), and a mineral oil.

We suggest that this level of agrichemical usage is both unnecessary and far too high and, especially in respect to copper, is unlikely to be effective, is potentially damaging to the trees and is definitely irresponsible in terms of the environment. For more seeAGRICHEMICAL USAGE
d)   AGRICHEMICAL APPLICATION

-   Dosage and evenness dependent: As with pharmaceuticals in human medicine, the response shown to an agrichemical both by the plant and by the target pest/disease is dosage dependent. An inadequate dosage usually fails to achieve control, while anexcessive dosage can lead to an undesirable toxic reaction from the plant. With some agrichemicals, the window between these lower and upper limits is quite narrow. Right dosage is very important.

The agents of most pests/diseases are usually numerous and are distributed on almost all surfaces of the plant. If the dosage is generally sufficient but if spray deposition isuneven, a proportion of the pest/disease agents will escape treatment (some will receive nothing while others will receive a sub-lethal dose). Meanwhile, some parts of the plant may be exposed to over dose (they will exhibit signs of phytotoxic spray damage). Evenness of spray deposition is very important. For more see DOSAGE
-   Mature olive groves: The spraying experience in the wider horticultural industry in New Zealand is mostly with mature orchards and vineyards where the individual tree/vine canopies along the row effectively merge to form a continuous volume. Under these conditions TRV (Tree Row Volume) spraying is the most appropriate technique for gauging spray applications. This technique should be adopted in mature olive groves by the New Zealand industry. For more see TRV SPRAYING
-   Young olive groves: However, the New Zealand olive industry is at an interesting, but temporary stage, in which it has relatively few mature groves but large numbers of immature groves (the average tree age in 2005 is perhaps only 4-5 years). Under our conditions of growth vigour, and with a relatively common in-row tree spacing of 5 or 6 m, we would expect the in-row canopies to approach a condition suitable for TRVspraying at about 7 or 8 years from planting. Before this, however, the gaps between trees along the row still form a significant proportion of the whole and spraying is better carried out on a tree-by-tree basis or too great a proportion of the spray will be wasted (expensive and irresponsible). We suggest that tree-by tree spraying will be appropriate in most New Zealand olive groves for the next 3-5 years. For more seeINDIVIDUAL TREE SPRAYING
APPLICATION ISSUES
There are several ways in which the actual process of agrichemical application of can be inadequate. We deal with the main sources of error in no particular order.

-   BAD MIXING

The act of placing the right amount of the right agrochemical in the spray tank and applying this in the right way and at the right time doesn’t guarantee a right result. There are several opportunities 
for things to go wrong before starting the spraying run during the business of preparing the tank mix. There are two common sources of error, one chemical and one physical. For more see MIXING
-   DROP-SIZE DISTRIBUTION

Trials have shown that evenness of distribution within the canopy is related to droplet size with overly-large droplets failing to deposit well on the ‘backs’ and on ‘lower’ surfaces of leaves while overly-small droplets may fail to be deposited at all but be carried away in light air currents. There is an ideal diameter range for spray droplets and a sprayer should be so adjusted as to deliver the maximum possible proportion of the spray volume in droplets within this diameter range (minimise the numbers of giants and midgets). For more see DROPLET DIAMETER
-   THE WEATHER AND SPRAYING

The main aspects of the weather to consider before spraying are wind, temperature, humidity and rain. Of these, the most important is wind. By carefully assessing the weather and the crop before, during and after spraying you will obtain maximum benefit from any spray while creating a minimum risk of spray drift. For more see THE WEATHER AND SPRAYING
-   SPRAYER EVALUATION

A way to remove some of the mystery from spraying is to discover where the spray droplets do and do not land. This is not as difficult as one might at first imagine and can be done using water-sensitive paper strips. With these it is relatively straightforward to determine not only the size distribution of spray droplets and their density on the foliage but also how evenly these droplets are deposited on the variously located and variously orientated leaf surfaces deep within the canopy. Using this method it is straightforward to determine the stage at which runoff is ‘about’ to start and it is even possible to calculate chemical dose rates.

This technique allows the identification and correction of any spray distribution problems arising either with your sprayer (flows, pressures, nozzles) or with your use of it. For more see SPRAY EVALUATION
6. Grove Floor by:   SANDY LANG    MIKE TRELOAR
Good management of the grove floor is really important. The plant species growing there as groundcover, form an understorey that becomes a key part of the overall ecosystem of the grove. Aboveground, this understorey affects the grove’s biological environment, influencing insect and bird populations by providing sources of food and of cover. Aboveground, it also affects the grove’s physical environment, influencing frost incidence by modifying the long-wave radiation balance and disease incidence by modifying the humidity of the air. Belowground, the understorey plants affect the olive trees more directly as their roots compete with the tree roots for space, for water and for minerals.
a)   INTRODUCTION
Most olive groves have been planted on previously pastoral land so the ground beneath and around the trees is usually ‘grassed’ over with a ryegrass/clover mix interspersed to a greater or lesser degree with locally common pasture weeds such as thistles, dock etc. The removal of selective grazing and trampling pressure from sheep/cattle sometimes results in the ‘appearance’ of weed species that may not have been noticed in the pasture previously.

Left to itself this groundcover will form a dense mat between 400-800 mm deep that harbours pests and diseases, retains moisture, competes with the olive trees for rooting space, water and soil nutrients and creates a significant fire risk in summer. Not surprisingly, it is considered essential good practice in most horticultural industries to keep this groundcover mown short in the inter-row and removed altogether within the row by regularly spraying with a weedkiller.
b)   SUSTAINABILITY
We have elsewhere said that sustainability should be thought of as comprising three essential elements – social, environmental and economic.

-  Social sustainability: This covers practices that make olive groves comfortable and safe places to visit, to work in and to live in or beside. A freshly mown olive grove looks wonderful and many enjoy the relaxing business of mowing. Our counsel is that your time and effort invested in grove floor management should be properly costed into your business from the outset. Otherwise this day-by-day activity can become more of a burden than a pleasure.

-  Environmental sustainability: This covers management practices that can be continued indefinitely without further degradation of the soil, the water or the atmosphere. The areas of mowed grass and of sprayed, bare soil in an olive grove are about equal. The maintenance of the mowed grass raises certain environmental issues but in the short term these are probably eclipsed by those associated with maintaining the areas of bare soil. The environmental ‘footprint’ associated with this latter activity is not insignificant whichever of the possible options you may choose in order to achieve it.

-  Economic: This covers practices that enable New Zealand olive businesses to thrive at grower and also at regional and national levels. The grass must be mowed up to 20-times per year and the bare soil weed sprayed up to 6-times per year. The cost of maintaining a bare-soil surface is similar to that of maintaining a grass sward. The combined annual cost of managing the grove floor amounts to about $1,000 /ha/year.

For a fuller discussion of these issues see SUSTAINABILITY AND GROVE FLOOR MANAGEMENT
THE OBJECTIVES

c)   THE REQUIREMENTS

Having considered the more negative aspects of grove floor management, their costs and environmental penalties, it is worthwhile if we examine just why we need to do anything at all and, if we do, then what should be our key objectives in understorey management. Why keep the grass short over half the grove and absent altogether from the other half? Can we relax these constraints, and if we do what will be the consequences?

-  MOWED GRASS INTER-ROW

It is the conventional wisdom that the inter-row grass in an olive grove should be kept short. At different times of year this imperative is more or less important. The primary reasons for regular mowing, roughly in order of their importance are:
· Disease: Infection rates for most fungal diseases are increased in warm, wet weather. The aim of good grove management then, is to create conditions in which the canopy dries out after dew/rainfall as rapidly as possible. A short grass understorey facilitates rapid canopy drying. Under New Zealand conditions short grass is important at all times of the year but especially so in North Island groves and in spring and early summer. For more see PEACOCK SPOT
· Frost: The majority of frosts are caused by imbalance between incoming and outgoing radiation from/to a clear night sky. The maintenance of very short grass and bare soil reduces the incidence/severity of radiation frosting through a long-wave radiation balancing effect. Keep the grass as short as possible, especially in South Island groves and at high frost risk times of year. For more see FROST
· Birds: Birds are major pests of olives, perhaps second only in importance to fungal disease in the north and to frost in the south. For birds to come to your grove they require both feed and cover. Long grass and weeds enhance the environment as far as birds are concerned. For a fuller discussion see the chapter SMALL VERTEBRATE PESTS
· Access: Tall straggly grass interferes with access by you both on foot and by vehicle making every aspect of grove management more difficult. Frequent inspection of trees for wind or pest damage and for disease, and of the irrigation system for leaks and blockages is essential. All are more difficult if the grass is long.

· Appearance: Lastly, but still quite important, short, well-kempt grass looks better and offers you far greater enjoyment and pride in your asset.

· Root competition: In New Zealand’s close-spaced, irrigated, and intensively managed olive groves, the lateral extent of the tree roots is much less than in the Mediterranean region’s mostly wide-spaced and unirrigated groves. Grass growth in a mowed inter-row has little direct effect on the olive trees via root competition as the grass and tree roots do not for the most part share a common volume of soil.

For a fuller discussion of these issues see INTER-ROW REQUIREMENTS
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Figure 1. The root system of a cultivated olive tree under New Zealand conditions extends only to about the canopy drip line.
-   WEED-FREE STRIP WITHIN ROW

It is the conventional wisdom that the ground beneath the trees should be maintained in a weed free condition. The primary reasons for this, roughly in order of their importance are:
· Root competition: Unchecked root competition from weeds in the area beneath the olive canopy significantly slows tree growth. Slowing will be especially evident during the grove’s early establishment phase. Here the weeds are less shaded by the still-immature, tree canopies above and weed growth is correspondingly more vigorous. Even later on (mature trees), rank growth of shade-tolerant weeds will significantly reduce tree vigour and cropping.

· Access: Irrigated trees develop a degree of dependency on the irrigation system. If you are to make sure that the irrigation system is fully operational (no leaks, no blocked emitters) you must at all times be able easily to see and to gain easy access to the area beneath the trees. Rank growth of grass and weeds will seriously interfere with visual access at any time of year. At harvest, easy, clean access to the area right up to the trunk becomes particularly important, as grass and especially woody weed growth will interfere with net placement and recovery.

· Disease: Contrary to some advice that you may have received, Peacock spot infected leaves once fallen to the ground quickly cease to release infective spores – release stops within about 10 days. This is because Peacock spot is a parasitic fungus of living leaves, it is not a saprophytic one of dead leaves – see PEACOCK SPOT. There is therefore no special benefit in trying to remove fallen leaves or in trying to overlay them with dead grass directed to this area from the mowed inter-row.

More important from a disease point of view, a bare soil surface dries off much more quickly after rainfall than a grassed or weedy one so allowing the olive canopy to dry off rapidly and reducing fungal infection rates. The rule is to keep the skirt of the olive canopy well lifted (to about 1 m) and the soil surface beneath the tree bare, so as to encourage a free passage of air and rapid drying after dew/rain.

· Frost: With young trees especially, an area of bare soil extending well out from the trunk significantly reduces their risk of frost damage. The risk of a damaging frost and thus the benefit of maintaining an area of bare soil beneath the trees becomes somewhat less important as trees get older and their canopies extend to higher above ground level where air temperatures are significantly warmer.

· Birds: From the point of view of discouraging birds, the same arguments apply to the area under the trees to those for managing the inter-row. Again, discouragement of birds by eliminating weed growth (cover) and weed seeds (food) is a good reason for maintaining a bare soil surface beneath the trees.

· Appearance: Life should contain a significant element of enjoyment. A grove having a neat and tidy appearance and about which one can justly feel proud is important for this. The area beneath the trees can soon become very untidy with rank growth of straggly weed species many of which are quite shade tolerant.

For a fuller discussion of these issues see WITHIN-ROW REQUIREMENTS
d)   RISK MANAGEMENT
There is always a need to try to strike a best balance between the cost of any activity and the benefit that is likely to arise from it. Perhaps nowhere is the tension between these greater than with grove floor management.

Where and when: To make a ‘best’ decision you should consider what are the greatest risks for your particular grove and at what times of the year these risks are most likely to arise. For example, the risk of fungal disease is likely to be greater for more northerly groves and the risk of frost for more southerly groves. Certainly too, although the risk of Peacock spot infection is an all year round issue in New Zealand (temperature and wetness related - see PEACOCK SPOT), infection rates are probably greatest in springtime. Again, the risk of frost damage is highest for young trees throughout the winter months but the risk is raised in an unseasonal early (trees not yet hardened) or late (soft new growth) frost. For more mature trees the period of greatest risk will be that leading up to harvest. Similarly, this period is also when the risk to the crop of bird damage is greatest – birds are attracted to the colouring fruit.

With this perspective we see that there will be critical times of the year when you would be best advised to keep grass length particularly short and there will be other times when shortness is less important. These high-risk times will vary from region to region and from grove to grove.
e)   TOWARDS A SOLUTION - SHEEP

The very existence of this section in our chapter on grove floor management reflects our considered view that the benefits of grazing sheep in an olive grove will thoroughly outweigh any problems associated with it. More importantly, the practice has the potential to replace conventional management practices with ones that are much more socially, environmentally and economically sustainable. The IOP/BMP manual is all about sustainability when defined in these broad terms.
Synergisms and banes: Given New Zealanders reputation, for having a reputation, for thinking outside of the square, we should expect our primary industry sectors always to be on the lookout for possible synergisms. The rearing of sheep and the production of treefruit crops may offer one such. But what if you are anxious about the possibility of stock damage to your valuable trees...? And what if you are struggling with disease, frost or birds (or all three) and 'shortish' grass is just not short enough...?
Very-short grass: While long grass is undoubtedly a negative factor for your grove in respect to just about all aspects of good practice, the maintenance of the grass in avery-short condition seems to have no negative consequences at all. Indeed, all the positive aspects of 'shortish' grass are only increased if the grass length is reduced to 'very-short indeed'. To achieve a very-short grass sward by frequent and very low-set mowing is expensive and problematical (e.g. on uneven surfaces) whereas it can be done using sheep but it requires that they be worked relatively hard and this will put your trees at risk of bark damage. Were some sort of physical protection available for your trees, you would be able to utilise sheep to maintain the grass in very-short condition.
A NEW PRODUCT

A new product - a plastic tree protector has recently been developed, specifically to assist with the management of the grove floor with sheep. For information on this new product see STOKSLAT
For a fuller discussion of these issues see MANAGING THE GROVE FLOOR WITH SHEEP
