Section F – Harvest Management by Sandy Lang and Edwin Pitts
INTRODUCTION
Because harvest comes at the end of the production cycle it is naturally a time of review. Harvest is what it’s all about. You have worked hard all year and now’s the time that you are bringing in the fruit of all that work. One asks: When do I harvest? How much fruit? How much oil? What oil quality? How much money?

There: In the extensive, low-input olive oil production systems of the Mediterranean, harvest represents between 70% and 90% of the total production cost. There, the fruit and oil yields are relatively low (tonnes /ha, L /ha), as oftentimes also is the quality and thus the value of the oil produced.

Survival - In the EU, the unsupported income from olive oil production contributes only perhaps 10% to the total cost of production, where rural labour enjoys a similar rate of pay to New Zealand, and where the approximately 90% balance of the production cost is met by income supports and subsidies of one sort or another. In the olive oil producing countries of North Africa, competitiveness is instead maintained by pay rates of only about NZ$7 /day! For more see OLIVE INDUSTRY FUNDAMENTALS, FRIENDS, FOES AND FILOSOFY
Here: In New Zealand our agriculture for the most part, and our horticulture in particular, operates much more intensive, and higher input, production systems. For olives, the cost of harvest as a proportion of the whole cost of production declines perhaps to around 50%. This is because in order to raise productivity, quality and yield, and also to cope with our high-vigour climate, the management of the canopy and of the grove floor are more time consuming and therefore, proportionately more costly.
Survival - In New Zealand, our various primary industries have no expectations at all of government subsidy or support, or even of protective import restrictions. Meanwhile our field workers enjoy reasonably good rates of pay, roughly equivalent to those in the EU. The question has yet to be answered, whether in New Zealand the income from olive oil production will be able to cover the full cost of its production. On the positive side, we have generally much higher levels of horticultural skill, a much more innovative industry, a far more productive climate (higher yields - tonnes /ha and L/ha), and our elite oils are able to command very good prices in an expanding international market. We must work hard and wait to see what will happen as our juvenile industry moves towards maturity1.

1The New Zealand industry has roughly 1,000,000 trees. These trees average only about 4 years in age (2005), while production usually commences about year-5 and mature production about year-10. Huge increases in New Zealand olive oil production are inevitable.
Focus: All this said, harvest does still for us represent the single largest production cost and thus it is the area where our accountant will tell us we should first be focussing our attention with regard to cost reduction. But there are other issues around harvest than just its cost. It is here that all the difference can be made in terms of oil yield, oil quality and oil income. Addressing these key areas is the task in this chapter.
1.   HOW MUCH FRUIT?

The components of crop yield (Y) (tonnes /ha) are the total number of fruit (n) appearing in the bin from this land area, multiplied by the mean weight of those fruit (w) (grams). To get the numbers right, we should of course divide Y by 106, the number of grams per tonne.

Y = n x w                                                 (1)

Neither of these components, n and w, is much affected by the timing or the method of harvest, being much more dependent on the vagaries of flowering and fruitset, but with secondary effects of site and cultivar, and of the general quality of our grove and canopy management through the year. For more, see HOW MUCH FRUIT?
2.   HOW MUCH OIL? WHAT OIL QUALITY?

Important as it is, in a chapter on harvesting it is more useful if we consider crop yield (tonnes /ha) as a ‘given’ and focus our attention instead on the issues surrounding thequantity and quality of the oil produced from this crop yield. It is these two that together will determine our financial return. The components of financial return2, or more accurately, of revenue (R) ($ /ha) are the total quantity of oil (q) (in litres) appearing in the bottle, multiplied by the quality of that oil, expressed as its sale value (v) ($ /litre). We recognise that sometimes there can be a trade off between oil quantity and oil quality.

R = q x v                                                 (2)

2We use the term ‘revenue’ to refer to the business’s gross income and the term ‘return’ to its net income, after all fixed and variable costs have been paid.

Dependencies: For each of these components, q and v, the two dominant dependencies are: (a) the excellence of the postharvest processing and (b) the stage of fruit ripeness at which the harvest is carried out. The third dependency (c) is all the other grove factors (cultivar, region, season etc) that contribute to q and v. For more see HOW MUCH OIL? WHAT OIL QUALITY?
3.   POSTHARVEST FACTORS (a)

Rancidity and off flavours: The activity of harvest, handling and cartage invariably damages a proportion of the fruit and this exposes the flesh and intracellular oil to the outside world. The almost immediate effect of fruit damage is the commencement of oxidation of the oil (increasing rancidity) while a secondary, and slower effect is the commencement of growth of fungi (increasing fungal off flavours).

Under New Zealand conditions, however these issues are usually well appreciated and storage times/temperatures mean that fungal off flavours are rarely an issue. Rancidity sometimes can be. For more see POSTHARVEST FACTORS (a)
4.   GROVE FACTORS (c)

There is little doubt that grove management, cultivar, climate and soil etc interact (as they do with winegrapes) to create special yield and quality characteristics for our oils. Again it is most useful here to treat all these as ‘givens’ and to focus this chapter’s discussion just on the factors relating to harvest. We deal with a whole range of ‘grove management’ factors (mostly affecting yield rather than quality) in the other chapters of this IOP/BMP manual. The remaining factors - ‘cultivar’, ‘weather’, ‘climate’, ‘soil’ - we can do little about without very expensively revisiting earlier decisions made regarding the siting (regional and local) and planting of our groves. For more see GROVE FACTORS (c)
5.   HARVEST TIMING (b)The timing of olive harvest affects both the yield and the quality of the expressed oil. However, the timing decision is a difficult one. In choosing a date for harvest, one must weigh up a host of unrelated factors. Some of these are listed in Table 1.
	(1)   Fruit maturity

	(2)   Press availability

	(3)   Labour/harvester availability

	(4)   Fine weather (not rain)

	(5)   Fruit drop

	(6)   Bird pressure

	(7)   Frost risk1


Table 1. Some of the factors that have to be taken into account when choosing the time of harvest. 1Frosts below about -5°C are damaging.
In an ideal world the first of these, Fruit maturity would take precedence over all the others. Being based around strictly technical (oil content and composition) and commercial (market preferences) issues, this is probably the most straightforward to define. We discuss this at some length below. The world, however, is manifestly notan ideal place so it is more usually the other factors (2)…(7) that conspire to force the decision to go to harvest. For more see HARVEST TIMING - GENERAL COMMENTS
-  HARVEST TIMING - FRUIT MATURITY

It is well know that as one travels south, from Northland to Central Otago, the time of olive harvest occurs progressively later. This trend occurs because the rate of growth and development of plants is related to the temperature of the surrounding air and the New Zealand climate becomes cooler towards the south. There is also a trend for oil quality to rise towards the south. For more see SOME PRELIMINARY SCIENCE
-  CHOOSING A MATURITY FOR HARVEST

Markets: Oil yield and oil quality are together dependent on the average fruit maturity at harvest, and also on the spread of this maturity. It is a commercial decision at just what maturity stage your fruit should be harvested with different growers, rightly aiming for slightly different maturity targets according to which cultivar they are dealing with, the style of oil they are hoping to produce, and also depending on the chosen market for their oil.

Cultivars and regions: There is yet another reason why there can be no fixed recommendation with regard to the ‘ideal’ fruit maturity for harvest. This is that the ripening process is quite different in different cultivars – some are best harvested rather green and others rather black. Moreover, ripening can also be quite different even for the same cultivar but grown in different parts of the country (different climates). This is one reason 
why most overseas research and experience starts to ‘unravel’ when applied to our range of cultivars grown under our own local climate conditions. For more see CHOOSING A MATURITY FOR HARVEST
Best practice: Best practice then, is probably to start with the recommendations we give here. These are based upon named cultivars, grown under the climatic conditions occurring roughly in the middle (latitudinally) of New Zealand. Next, you should keep careful records of fruit ripeness at harvest and of the oil character that results. Only in this way will you be able to make your own adjustments to our recommendations and thus develop your own target maturities that best fit with your climate, yourcultivars and your preferred oil style.
-  MATURITY INDICES

In the New Zealand commercial environment we recommend only one of a number of methods that have been proposed to assess the maturity and readiness for harvest of olives. This method is based on skin colour. For completeness, though we should briefly introduce and comment on some of the alternatives that have been proposed and about which you may have read. See ALTERNATIVE MATURITY ASSESSMENTS.

Sampling: Before describing the ‘skin-colour’ method, we want to stress that the usefulness of the results obtained with it (or with any other maturity assessment method for that matter) are in danger of having more to do with the method used tosample the fruit, than with the method used to assess its maturity…! The sampling method is very important indeed.

Representative: When collecting a fruit sample for maturity testing, it is absolutely vital that these relatively few fruit (~300 fruit) are truly typical of the whole population of fruit (~30,000,000 fruit in a 1 ha block) that they are to represent. If the sample is not typical of the whole, then we will simply mislead ourselves and waste our time. On the other hand, the business of ensuring that they are typical is not at all straightforward. With a poor sampling methodology, it is very likely that the result emerging from any maturity assessment will be more of a reflection of sampling biasintroduced by you, than it will of the maturity of the fruit in the block. For more seeSAMPLING. Also see A SAMPLING METHOD
The ‘skin-colour’ method: It is a property of olive skins that almost no change in colour occurs for months on end, then over roughly a two-week period, skin colour changes rapidly and dramatically from ‘green’ through ‘straw’ to ‘purple/black’. After this, further colour change is again almost imperceptible. This pattern of colour change means that over the whole life of the fruit (almost 6-months), skin colour is only a very poor indicator of a fruit’s stage of maturity. However, very conveniently for us, the colour change just happens to be centred on the very maturity stages in which we are most interested! Therefore, this makes skin colour an excellent indicator of harvest readiness. For more see SKIN COLOUR
Maturity assessment based on skin colour: What is required then is a quick and simple way to assess the maturity distribution of a sample population of, say, 200-300 fruit. This is reasonably straightforward and quick and a good deal of useful information can be obtained from it. For more see A SKIN COLOUR MATURITY ASSESSMENT METHOD
-  INTERPRETATION

The results emerging from a skin-colour maturity assessment can be represented in the form of a bar graph that shows the numbers of fruit that lie in each of a range of colour grade maturities centred about the mode - see Fig. 1.
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Figure 1. The sampled fruit are sorted into piles having different maturity colour grades. The number of fruit in each pile is then counted and this information represented in a simple bar graph. This graph will show the mode (the most common colour-grade maturity) and the upper and lower limits of the sample’s maturity spread. Note: It is unlikely that your graph will be quite as ‘perfect’ as this one that would be generated only by assessing a very large sample. It is also unlikely that your graph will be as symmetrical. This does not matter.

From your bar graph you will be able to determine not only the readiness for harvest of your crop but you will also be able to make an estimate of how many days it will be before the crop reaches some chosen, more advanced stage of maturity. For more seeINTERPRETATION
6.   THE HARVEST 
Harvest preparation: Any operation runs better if you are well prepared. It remains for us to indicate some actions that, based on experience will make the harvest run more smoothly for you. Important are, things like the condition of your harvest equipment, contingencies, and the state of the grove floor.Harvest conditions: Also important is the choice of harvesting weather. Avoid harvesting when the canopy is wet with dew or rain. Wet conditions encourage the spread of disease and can impact severely the volume and the quality of the oil you obtain.
- Harvest methods: At this stage, almost all New Zealand olives are harvested using a combination of hand rakes and pneumatic ‘clappers’ (see Figs. 2 and 3 below). The latter offer a very significant cost efficiency advantage over the former but without the need for huge capital outlay. It is estimated that hand harvesting with rakes costs between $1 and $2 /kg of fruit. With pneumatic ‘clappers’ the cost reduces to between $0.20 and $0.50 /kg, and with a tree shaker the cost is between $0.40 and $0.60 /kg (note that the higher cost in each case relates to lightly-bearing trees and the lower cost to heavily-laden trees). The use of tree shakers is relatively minor at this stage and likely to remain so - see TREE SHAKERS. For more on harvesting in general, see THE HARVEST
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Figure 2. A cheap plastic hand rake used to strip fruit from the tree.
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Figure 3. A pneumatic 'clapper'. The two combs vibrate away and towards one another at a rapid (adjustable) rate powered by a small pneumatic actuator served from a (distant) compressor by a 50 m plastic pressure hose. Mounted at the end of a long, light pole, the harvester can reach almost 4 m into the canopy to dislodge most of the fruit. Minimal damage is done to the tree if used correctly.
