Section  E – Trees
1. Choosing Planting Stock by:   Sandy Lang and Adva Webber
a) INTRODUCTION

i. Economics: Given your investment in land, site preparation, establishing grove infrastructure and planting out; given also the five (or so) years you must yet invest in canopy management before cropping starts, it makes good sense to be most careful about the quality of your planting stock. It is simply not economical to skimp. Pay for, and ensure that you get, the best possible.

ii. Consequences: Poor quality planting stock will in the first instance reduce the percentage ‘take’ of your trees. Then it will increase the amount of time that you will have to input in canopy management during the early pre-production years. Lastly, it will likely delay the onset of first cropping. Depending on the nature of any ab initioproblems, there may also be ongoing issues too.

iii. Bounding quality criteria: Having said this, young plants like any biological material, do not all look the same - like the products from a plastics factory. What you mustestablish are the outside quality limits for the material that you will accept from your supplying nursery. What should these be?

iv. It may be helpful to first outline some basic biology and the production process that precedes the sale of planting stock.
b) THE PRODUCTION PROCESS: Some biological preliminaries

Growth ring number: The stem of a woody plant increases in diameter each season due to the formation of a new outer layer of wood just beneath the bark. In temperate trees (those experiencing distinct cool-winter, warm-summer seasons) growth substantially ceases in winter and restarts again in early spring at the time of bud-break. As a result, a stem cross-section reveals a more-or-less distinct series of concentric ‘growth rings’. It follows that the innermost growth ring was formed first and the outermost was formed last. So, count the growth rings and you have a tree’s age (see Fig. 1).
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Figure 1. Stem section taken from the base of a young Manzanillo tree. In this case, the wood has been stained red to ease tissue identification. The five growth rings indicate that the cutting was taken at the end of the 99/00 season. The inner ring was formed on the donor tree during 99/00 and the four outer rings were formed either in the nursery or in the field during 00/01, 01/02, 02/03 and 03/04.
Growth ring width: It is perhaps less well known that the width of any particular growth ring provides an indication of the general wellbeing of the plant during the particular season in which it was formed – if time
s were bad for any one of a large number of reasons including drought, nutrient deficiency, pests, diseases, a cool summer etc there will be less growth and a narrower ring that year. A good growing season with few stresses gives a wide ring. This technique for plotting historical environmental records is well established in science and has given rise to the plant-science discipline known as ‘dendrochronology’. So, measure the widths of a tree’s growth rings and you have a record of how favourable was its growth environment in each year of its life (see Fig. 2).
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Figure 2. Stem section taken from the base of a young Barnea tree. The six growth rings indicate that the cutting was taken at the end of the 98/99 season. The inner ring formed on the donor tree during 98/99, the next two rings were formed under good growing conditions during 99/00 and 00/01 and the last three narrow rings were formed under relatively adverse growing conditions during 01/02, 02/03 and 03/04.
i. Propogation
In the nursery production of olive planting stock it is usual to take a cutting from a healthy 1-year old shoot cut from a donor tree. This is normally done in late winter/early spring and the cutting is placed in a ‘tube’ (a small pot). During the season immediately following, the cutting develops roots and one or more lateral shoots. Just one of these shoots is retained into the subsequent season as a ‘leader’.

During the following winter/early spring the now-rooted cutting is usually transferred to a larger pot/bag where it is grown on for a second full season in the nursery before being sold in winter ready for planting out into its permanent position in a new olive grove.

Stages: From the point of view of the number of growth rings appearing at the base of a tree in winter, this multi-year process can be summarised as:

A fresh cutting is taken and placed in a tube (x1 growth ring)

· A now-rooted cutting is transferred to a pot/bag (x2 growth rings)

· A new tree is sold and planted in the grove (x3 growth rings)

· A young tree has been in the grove for one full year (x4 growth rings)

Timing: On this basis a young tree is usually sold at the 3-ring stage and is planted out in good time for the start of the new season. This is usually done in October but planting can be advanced by a few weeks in the (warmer) north and deferred by a few weeks in the (cooler) south.

Delays: It is not ideal, but if a young tree is not sold at the 3-ring stage it can be held over in the nursery for one further year and sold for planting out at the 4-ring stage. Any older than the 3-ring stage and a tree tends to become too large or too pot bound (re-potting to still larger pots is an option) and it will also adjust less well to the shock of planting out in a new grove. One would not expect to find any commercial buyers at all for a 5-ring tree – but perhaps in large pots and in garden centres for domestic planting?

b) QUALITY CRITERIA

The ‘ideal’ tree:

i. Certification: The nursery will certify that the trees offered for sale are indeed of the cultivar specified. Also, that they are free of disease (e.g. olive knot caused by the bacterium Pseudomonas savastonoi pv. Savastonoi).

ii. Age: The tree will have been 2-years in the nursery, so it will have three growth rings at the base - i.e. ring-0 formed on the donor tree and ring-1 and ring-2 formed in the nursery. If in doubt, tree age can be checked (sacrificially on a few trees) with a very sharp knife and a times-10 hand lens.

iii. Condition: The tree will be of good appearance and will be substantially free of weeds, pests and diseases. A young tree will receive a growth ‘check’ if the nursery has not controlled weeds, pests and diseases well, and the tree will take some time to recover. Weeds, pests and diseases compete with the young tree and usually show their mark in reduced growth. Look out for short internodes, small leaves, discoloured leaves, and sign of premature leaf drop (if the problem is more recent, it will not be so clearly evidenced in reduced growth-ring width). Sooty mould is indicative of an earlier scale infestation.

iv. Shape and structure: The tree will be in a pot/bag (not bare rooted) and it will have a good, straight stem with several (at least 8), well-spaced, lateral branches.

v. Size: The tree will have a height of 700 mm or more and a diameter (100 mm from ground) greater than 6 mm.

2. Planting and Staking  by Sandy Land and Don Cross
The establishment and early growth of young olive trees is critically dependant on their planting and staking. Failure to get this right results in slowed early growth, a greater chance of disease and an unnecessarily high tree mortality. A tree that fails to establish quickly and properly, wastes not only the cost of the tree itself and of your time in planting it, but also a whole season of time.
· Staking: If we are to minimise frost and disease risk by minimising wind shelter, it is essential that trees are well staked and protected. Practices that are quite adequate overseas are insufficient under our faster growth and windier conditions. A young, fast-growing tree will require its stake for at least five years, by which time it will be quite large. Stakes must be stout or they will snap off. And they must be well driven into the ground or they will loosen. An untreated, hardwood stake is not sufficiently strong or durable to do the job.
· Stakes: The industry standard is a new 50 x 40 mm H4 (ground conact) treated pine stake 1,500 mm long. This should be driven 600 mm into the ground with a maul so as to leave an upstand of about 900 mm. The cost of such as stake is about $1.80 inc GST. It is reasonable to expect that stakes having significant knots or crooked (diagonal) grain should be replaced by the supplier as they will not be sufficiently strong to support your trees into their 4th or 5th season. 
· Hole: Dig the hole so that the stem will be about 100 mm from stake. Make the hole about 200 mm deeper and 200 mm wider than the root-ball. This gives about 100 mm loose soil below, around and above the root-ball for new roots to grow into. A spade will tend to ‘glaze’ the sides of the hole (especially in heavier soils) so roughen the sides. Otherwise, the roots may grow round and round inside the hole without making their way into the more compact, undisturbed, soil beyond.
· Planting: Remove the plastic bag from the tree. Don’t tease out the roots. Not only does this damage the fine (water uptake) roots but it also unnecessarily disturbs their capillary contact with the soil within the root-ball. Over the next few hours of sunshine and wind, the tree will continue to transpire and will need good access to moisture if it is not to suffer severe water stress. The leaves of olive are physically tough and do not indicate severe water stress (by wilting) in the same way as those of softer-leafed species.
· Add loose soil and a slow-release fertiliser to the bottom of the hole, place the root-ball in the hole, backfill carefully and firm well with your foot to a level slightly proud of (high than) the general soil surface. There will usually be some natural settlement as the loosened soil compacts. If this leaves a depression it will fill with water and can create a wet-foot problem. Prune away any damaged shoots.
· Protect: Slide on a tree protector sleeve (strongly recommended). There are several brands available. A tree protector works like a mini glasshouse: it creates a more favourable temperature and humidity microenvironment around the tree that speeds up its establishment and early growth. A shelter also provides wind protection – plants do not like being shaken around in the wind and no amount of staking will do quite the same job. Lastly, a tree shelter provides a good degree of protection against rabbits, spray damage and some protection against sunburn, frost and windburn. You will not regret investing in a tree shelter. One brand available through Fruitfed or direct from the manufacturers is the Oliveguard© (about $2.00 +GST) or the new Oliveguard©‘mini’ (about $0.90 +GST). The second, as its name implies, is a smaller guard that is also significantly cheaper. Its design is also much simpler. We are unable to recommend between these two products. Certainly the smaller protector will provide less shelter but whether this matters much we could not say, it is certainly the cheaper and it may (or may not) be easier/quicker to fit.
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Figure 1. ‘Oliveguard©’ 600 mm high, two tabs fit over a 50 x 40 mm stake.
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Figure 2. Oliveguard© ‘mini’ 400 mm high, attaches to a 50 x 40 mm stake with staples.

· Water: Water the tree immediately - not 5 hours later! The tree will have to be well soaked if it is to re-establish capillary contact between its fine roots and the pot soil which you will have disturbed by de-bagging and planting. Also, to establish capillary contact between the pot soil and the surrounding soil into which you require the roots to grow out. Why expose the trees to an avoidable and potentially severe water stress at the same time as you give them an unavoidable disturbance stress?
· Tying: To start with, the tree is supported from blowing about in the wind by the tree protector. Even though the tree protector is attached to the stake (the larger protector by its tabs the ‘mini’ one by staples) it is recommended that the protector is additionally secured to the stake near the top by a ‘cable tie’ (Fig. 3). Cable ties are quick to install, cheap and very stro
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Figure 3. At planting with loosened soil all around the root-ball, the tree is 100 mm from the stake and the whole is protected by a 'tree protector' tied securely to the stake with a cable tie (in addition to the tree protector's tabs/staples).

If not using a tree protector, tie the tree to the stake but not too tightly (see Fig. 4). Use a ‘figure-8’ arrangement for the tie. This allows space for movement and also provides some buffer against impact between tree and stake. A little wind movement is required if the tree is to produce reaction wood and anchorage roots that will naturally stiffen the stem and tether it into the soil it so that it eventually becomes self-supporting. Also, some limited tree movement partially absorbs shock from a sudden gust of wind.
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Figure 4. At planting with loosened soil all around the root-ball, the tree is 100 mm from the stake and tied to the stake. Note the slightly loose ‘figure-8’ tying.

· Revisit: Regular checks should be made to ensure that ties have not loosened, broken, dropped down the stake etc or are damaging the tree. All your effort is wasted if something goes wrong with the tying and if it is not corrected before the next strong 
· wind.
· Growth: When the tree reaches the top of the stake it must be re-tied at this point (Fig. 5) to prevent chafing against the top edge that is both rough and sharp (90°). Abrasion will quickly damage the bark at this point, and could cause the top of the tree to snap off.
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Figure 5. About one-year after planting the tree has been tied to the top of the stake soon after it reached this level.
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Figure 6. About two-years after planting the tree has been re-tied to the top of the stake with a more robust tie material. A plastic chain product is recommended as this allows easy adjustment and it can be threaded through itself to form a collar that will help to keep the tree from contacting the stake.
· Tying products: There are a number of good tying products available. We suggest two new products both are softer and more elastic than similar, more familiar, ones but still retain excellent UV stability and strength.

· Young trees – For small trees we suggest Anwall’s Easy Tie. It is available fromFRUITFED or direct from the MANUFACTURERS. It is available in two widths: the 9 mm product is priced at ~$50 +GST/100m roll and the 18 mm product at ~$60 +GST/100 m roll. See Fig. 7.
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Figure 7. Anwall Easy Tie (18 mm pictured). This new product is soft, elastic and strong. A 'reef' knot is less likely to come undone and is easy to adjust.

· Older trees - For larger trees we suggest another new product Rubberised Chain Lok.This product is also available from FRUITFED or direct from the MANUFACTURERS and is significantly softer than the more familiar product so that a separate protective sleeve is not required. It is 10 mm wide and costs ~ $70 +GST/100 m roll. The chain products are readily adjusted for tightness. See Fig. 8.
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Figure 8. Rubberised Chain Lok (10 mm pictured). This new product is soft and strong.

NB In this chapter we have identified particular brands of some generic products. It is not our wish either to endorse the named brands or to suggest that altenative brands are inferior.
3. Canopy by Sandy Lang and Adva Webber
INTRODUCTION
A different mould: Elsewhere in the BMP/IOP Manual we have been dealing with a relatively stable and established body of opinion. By and large, the underpinning science has been well understood and agreed upon by the experts, and so is its application to the horticultural industry in general, and to olive growing in particular. We are thinking now of the chapters dealing with the management of birds, pests and diseases, frost, soil, irrigation, wind etc. There, we would not expect any great diversity of opinion amongst readers - except from some whose views originate from outside of the main body of establish scientific opinion, thought and principle! This chapter on canopy management does not fit the same mould at all.
Empirical basis: The science of ‘plant architecture’ is a relatively recent one, dating back perhaps only to the mid 1970s. Because of its relative youth, this area of scientific endeavour has not yet had sufficient time to develop and to crystallise to the point where it can form a stable platform upon which to build truly objective rules of horticultural practice. Until this stage is reached, work on canopy management mustper force be empirical - descriptive and qualitative rather than quantitative. When any science is at this early stage there is little consensus of opinion. For more see PLANT ARCHITECTURE
Universal disagreement: It is with this in mind that we do not find ourselves anticipating universal agreement with what we have to offer here. Instead, we look forward to the task of receiving your feedback and wisdom on all sorts of matters. We will then update the chapter to accommodate the consensus of opinion that will emerge from the good counsel that you will offer us!
SUSTAINABILITY
The broad focus in this manual is on sustainability. Best Management Practice and Integrated Olive Production both look for ways to avoid or to manage the problem issues of olive production in such a way that the social, financial and environmental elements of sustainability are each maximised. Perhaps nowhere else do these three apply more centrally than with canopy management. Here we must deal with:
Pruning: Direct expenditure of effort (social, financial).
Cropping: Delay to first crop and to full crop, reduced flowering, fruitset, yield, biennial 
earing (social, financial).
Disease: reduced yield, agrochemical usage (social, financial, environmental).
Personal injury: OOS, accident (social, financial).
Our industry must quickly get all three elements of sustainability into order if it is to succeed. For more see SUSTAINABILITY
ACCIDENT/OOS

Canopy management employs dangerous tools. Any tool that can cut off a branch can just as easily cut off a finger, and, working off the ground requires a ladder from which you can fall. The main pruning injuries reported to ACC are cuts and lacerations and also injuries from falling objects. For more see ACCIDENT
The term Occupational Overuse Syndrome (OOS) covers a range of disorders characterised by pain or discomfort in muscles, nerves, soft tissues and joints. Even the young, the fit and the strong can develop OOS conditions if they are exposed to the risks. OOS conditions arising from horticultural pruning quite often result in significant discomfort over long periods and can stop you from working altogether. For more see OCCUPATIONAL OVERUSE SYNDROME
PRUNING HYGIENE
We commonly suffer minor damage to our own bodies without taking particular care to sterilise or treat the wound afterwards. On the other hand, hospital operating theatres operate under the strictest conditions of hygiene conceivable. Canopy management involves the performance of surgical procedures to the trees, sometimes minor sometimes major, what hygiene precautions are appropriate? For more see HYGIENE
THE AIMS OF CANOPY MANAGEMENT
The primary purpose of pruning is, of course to obtain maximum yields of high quality fruit. To achieve this goal, the focus is to manage the canopy so as to:
Avoid/reduce disease
Contain tree size
Maximise flowering and fruitset and to
Avoid/reduce biennial bearing.
This raises a number of special issues that are dealt with in separate sections.
· Biennial bearing: Biennial bearing is a common feature in olives and it affects cropping in some cultivars more than it does in others. It is not uncommon for a tree to crop relatively uniformly for several seasons in a row, then following some event (a particularly favourable or particularly unfavourable cropping season, excessive pruning or some extreme weather event) it will enter a series of seasons in which fruiting is strongly biennial. Some growers perceive biennial bearing as a serious problem while others perceive it as desirable! For more see BIENNIAL BEARING
· Mechanical pruning: Canopy management represents one of the more important and more time-consuming activities in the grove. The time, effort and money spent pruning probably comes second only to that expended in harvest. In spite of the inital attractiveness of the idea of mechanical pruning, we cannot recommend its adoption. We would be surprised if at some future time it turned out that this judgment was found to be wrong. For more see MECHANICAL PRUNING
· Mechanical harvest: There are three main methods for mechanical harvest. Actually, these are not very different from one another in the sense that they all work on the same principle. They are based on the fact that the inertia of an olive fruit (heavy) is greater than that of the olive shoot (light) to which it is attached. This inertial difference means that, if a shoot is accelerated suddenly, the shoot and its associated fruit tend to move independently of one another - the fruit tend to be ‘left behind’. The independent motion of course stresses the fruit stalk (pedicel) that connects them. Because, as fruit mature, their stalk attachments weaken due to the growth of abscission layers, the more-mature fruit are quickly released by this action, while the less-mature fruit tend to be retained for longer or until the violence of the shaking motion is increased. The three sorts of machines apply the shaking motion in different ways.
· Hand-held mechanical combs - These light (if you have good upper-body strength!) hand-held devices comprise a pair of vibrating plastic combs mounted at the end of a long (adjustable) aluminium handle. They are usually powered by compressed air. The combs’ rapid action shakes the foliage in the vicinity of the fruit causing most of the fruit to fall off.
· Canopy shakers - These much larger wheeled machines have an array of vibrating fingers mounted at the end of a hydraulic arm which forces the fingers into the outer canopy in such a way as, again, to cause the fruit to fall off. The configuration of this machine is similar to (even the same as) that of a winegrape harvester

· Tree shakers - In these more-massive machines a mechanical ‘hand’, grasps the lower trunk firmly about 1 m above soil level and shakes the whole tree (with a complex, horizontal-only motion of carefully controlled amplitude and frequency). This shaking motion is transmitted up through the structure of the tree causing the main branches, the secondary branches, the light branches and ultimately the fruit to swing about wildly. For the same reasons, this action dislodges most of the fruit.
· Catcher - Any of these machines can be combined with some sort of mechanical catching apparatus that reduces the traditional but labour intensive use of catching mats that are spread on the ground in advance of the harvester and gathered up and the collected fruit emptied into buckets/bins after the harvester has passed. For more see MECHANICAL HARVEST
· Pruning times: Because of our high-vigour climate there is a tendency for canopy management to get on top of us. The result is an increased level of disease for the trees and increased levels of anxiety for us! We are aware of the general undesirability of pruning in wet weather. This has little to do with physical personal discomfort for us, and a great deal to do with the spread of disease in the trees. Coupled with the frequent requirement to prune in the evenings and at weekends, our rather rainy climate often keeps us out of the grove at times when we really need to be making better headway with it. All these factors conspire to extend the pruning season well beyond that which is sometimes suggested is desirable. Is this a serious cause for concern? For more see PRUNING TIMES
· Choosing planting stock: Given your investment in land, site preparation, establishing grove infrastructure and planting out; given also the five (or so) years you must yet invest in canopy management before cropping starts, it makes good sense to be most careful about the quality of your planting stock. It is simply not economical to skimp. Pay for, and ensure that you get, the best possible. For ore see CHOOSING PLANTING STOCK
4. PRUNING - THE ECONOMIC PRACTICALITIES

This is not an ideal world and one of the practicalities of life is that the people you employ to prune for you may fit into the general category of casual workers. A minimal pay rate generally attracts people having minimal skill. Here, what is required is a simplified pruning guide that can be learned in the space of a couple of hours in the olive grove but that nevertheless achieves the mains goals of the job both quickly and relatively cheaply. It is simply not economical if we make the job too complicated. For more see PRUNING - THE ECONOMIC PRACTICALITIES
5. PRUNING - THE UNDERLYING PRINCIPLES

Many readers will be looking for a more reasoned and fundamental discussion of good pruning practice. We record here that our earlier comments regarding it’s empirical nature should not be understood to suggest that expert practitioners don’t exist or that they don’t know what they’re doing. For more see PRUNING - THE UNDERLYING PRINCIPLES
6. PLANNING

Lastly, a word on the importance of good planning. If you are planting a new olive grove, you will do well to give early thought to a whole range of matters of later grove management: What is the intended method of canopy management? What the intended method of understorey management? What the intended method of harvest? etc. Such early thought should influence the design and layout of the new grove, the selection of planting stock and the design of the tree and of its canopy. 

Although it is true that, canopy-wise, olive is a comparatively forgiving species, it is also true that it is a species that even in New Zealand’s high-vigour climate takes a long time to come to first (5-years) and to full (10-years) production. If you later change your mind on any of these matters, you will find that some of your early decisions (site and cultivar selection and grove design etc) cannot be re-visited while others (tree and canopy design) although they can be re-visited, for you to do so will involve extra cost (additional effort) and will take extra time (delayed full production).

In other words it is best to plan well ahead so as to get things ‘as right as possible’ in the first place. By leaving all thought to the last minute you will be forced to accept a less than ideal situation (regrets) or to make expensive corrections that could have been avoided (more regrets).
