Section D Irrigation by Sandy Lang and Marc Greven
1) Water and Life

Living things were born into a marine/freshwater environment and the chemistry of life still proceeds only in aqueous solution. Any land environment should be viewed, therefore, as extremely hostile to life because of its dry nature. Indeed, so dry is the air that most plants very quickly die if they do not have continuous and ready access to liquid water. Although olive trees are well known to be drought tolerant, it is equally true that their growth, good health and productivity all respond extremely well if they are kept well supplied with water. Even just a short period of water deficit will slow or stop their growth or it will interfere with their fruiting. The art of irrigation management is the maintenance of a ready availability of soil water with no periods in which the soil level comes either into significant deficit (drought stress – slowed growth) or significant excess (anaerobic stress – root death). [WATER AND LIFE]
a) WATER AS A NUTRIENT

It is often said that water is the major nutrient for a land plant. This is certainly true in the sense that the amount of water that they get through, is far and away greater than the amounts that they require of any of the minerals, say, or of the carbon dioxide that they extract from the air. However, it is really to misuse the term ‘nutrient’ to apply it to water. The amount of water that becomes involved in a plant’s chemistry is only about 0.1% of the total. The amount of water that forms the greater part of the body of most plants (mainly as the watery support medium or cytoplasm, inside the cells) still accounts for only about 1% of the total taken up from the soil. Instead, the vast preponderance (99%) of the water taken up by land plants is simply lost to the atmosphere through the stomata as they open up to let carbon dioxide (CO2) into the leaves from the air for photosynthesis. [WATER AS A NUTRIENT]
b) WATER USE EFFICIENCY

Land plants should be seen as ‘high-end’ users of water. This observation might well raise a question or two as to whether they use it efficiently. Contrary to how we may feel, most plants (and olives in particular) are actually very finely adapted so as tominimise their use of this scarce resource. [WATER USE EFFICIENCY]
c) SOME WATER-PLANT BASICS
A mature, cultivated tree having a canopy with a diameter of 3-4 m, even of a drought tolerant species like olive, will withdraw from the soil perhaps 60 litres of water on a hot day (see Fig. 1). If it is unable to access this water relatively freely it will die. It is essential, therefore, that we maintain for our production olive trees a good supply of water in the soil. [WATER PLANT BASICS] How do we do this?
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Figure 1. Approximate daily water usage by olives in hot weather.
d) SOIL WATER, SOIL AIR AND SOIL PARTICLE SIZE

When irregularly shaped soil particles are jumbled together, tiny spaces (pores) are left between them that become filled either with water (15-50%) or with air (10-25%). The former serve the roots as sources of stored water and the latter as sources of oxygen. Coarse soils have larger pores and as a result tend to be free draining and well aerated but they also tend to lack water-holding capacity; fine soils are the opposite - small pores, poor draining, poor aeration but relatively good water-holding. [SOIL PARTICLE SIZE]
e) ASSESSING TREE WATER REQUIREMENTS

There are numerous ways in which we can obtain indications of the need to supply water to the soil in order to maintain healthy growth of the trees.

· Plant based: The plant-based methods, such as observations of reduced fruit and shoot growth, elevated leaf temperatures, the canopy developing a wilted appearance (leaves curl and twist to expose their silvery undersides), fruit drop etc are all much too insensitive to be practicable. It is far too late to take action when these indications appear. Advances in cheap, plant-based instruments have the potential to change all this, but these are still some way off.

· Soil based: A number of scientific instruments are available that will measure soil water content very accurately. However, for various reasons, none of these devices allows the development of a good, commercially-practical method for scheduling irrigation (see Method #3 below).

· Water balance: The remaining option (inadequate but the best we have) is to attempt to maintain soil water levels by what we will call a ‘water-balance’ approach – a sort of budget-balancing exercise. Actually there are several ways in which we can do this, each is somewhat approximate and each offers certain benefits over the others but then each also has its own limitations.
f) SOIL WATER BALANCE
The amount of soil water available in the soil will depend on water ‘inputs’ (rainfall + irrigation) and on water ‘output’ (usage by trees) - see Fig. 2.
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Figure 2. The residual soil water will rise or fall daily depending on the quantity of incoming rainfall (mm) and of outgoing water usage by the trees (mm).
· Rainfall: In most places in New Zealand, rainfall is distributed roughly uniformly from month to month and averages about 700 mm per year.

· PET: Most of the water lost from your olive grove is lost to the atmosphere from the trees and grass. The rate of this loss depends on a range of atmospheric variables with the main ones being sunshine, wind, temperature and humidity. Measurements of these variables are conveniently combined in the Penman-Monteith equation to derive an ‘estimated’ water usage called PET (potential evapotranspiration). PET has generally high values in the summer (4-5 mm /day) and generally low values in the winter (½ - 1 mm /day). Expressed over a full year PET is usually about 900 mm.

· Water imbalance: With an annual ‘input’ to the soil due to rainfall of ~700 mm and annual ‘outputs’ due to PET of ~900 mm plus a further loss of ~200 mm due to winter run-off, most areas of New Zealand have an annual water deficit of ~400 mm (i.e. 700 – 900 - 200). In an average year this deficit amount (400 mm) should be made up by irrigation over the months when PET is in excess over rainfall. This simple strategy would assuredly work in an average season but, because no season is average, it will assuredly fail. We have to do better…!
To better schedule our irrigation (amounts and timing) we require some knowledge of the actual rainfall and the actual PET values for a particular period of time and for our particular locality and for our particular crop. Only this way we can more accurately calculate the actual water deficits that we must make up by irrigation. These ‘top-up’ amounts of water can be calculated as the accumulated water usage since the last irrigation. [SOIL-WATER BALANCE]
THE METHODS
1. WATER BALANCE (50% PET) – METHOD #1
Crop factor: Water usage by any crop is related to PET via a ‘crop factor’ (Kc). The main determinants of Kc are: crop height, the reflectance of the crop-soil surface, canopy resistance and evaporation from the soil. The value taken by Kc is rather variable between the different crops but is relatively constant for a particular crop. High values for Kc indicate relative inefficiency in crop water use, and low values relative efficiency.
The value taken by Kc for olives is approximately 0.5 (relatively efficient) but this varies a little during the season (see Fig. 3). If we assume a uniform value of Kc of 0.5 for our purposes (irrigation) we shall not be far wrong.
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Figure 3. Average values for Kc for olives over a 12-month period. Note: Kc is highest during spring (vegetative growth) and autumn (fruit growth) and lowest during summer (the tree’s water-conservation mechanisms come into action) and winter (the tree is relatively dormant).
Water usage: A Kc value of 0.5 can be interpreted to mean that if PET on a particular day is 6 mm then olive trees will transpire about 3 mm of water (they are relatively water-use efficient).
· Depth basis: The New Zealand Meteorological Service publishes a daily ‘drying index’ in many regional newspapers [DRYING INDEX]. This is essentially PET. To discover how much water our trees require, we should now accumulate (add up) the published PET values over the period since last we irrigated and go out and apply halfthis amount to our trees spreading it over the area of ground beneath them – i.e. the area defined by the drip zone. The bigger the tree, the more water will be required per tree to cover the bigger area of ground beneath it.

Example: For example, if the published PET values over the 3-day period since the last irrigation were: 6, 2 and 5 mm (total 13 mm) we should now apply 6.5 mm of water to our trees.
· Volume basis: Recall that a volume of 1 L of water will cover a soil surface area of 1 m2 to a depth of 1 mm. Therefore, to relate depth (mm) to volume (L) we multiply the depth value (calculated as above) by the projected area of the canopy (m2).

We define the canopy’s projected area as the ground area enclosed within the ‘drip zone’ or as the area of the shadow cast when the sun is overhead. [APPROXIMATION]

Example: For example if we wish to apply 6.5 mm of water to trees having projected canopy areas of 4 m2 (canopies ~2 m across) then we will require 26 L of water per tree (6.5 x 4).
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Figure 4. The daily volume of water used by olive trees depends on their projected canopy areas x PET x Kc (Kc = 0.5)

2. WATER BALANCE (RAIN & PET) - METHOD #2

Rainfall adjustment: In METHOD #1 (above), we make no allowance for any rainfall. If there was significant rainfall since the last irrigation we can obtain a more fine-tunedvalue for the irrigation amount (as calculated in METHOD #1) by reducing it a little to allow for this input to the soil.

Data: Rainfall information is available via the internet or in the local newspaper. However, your own rain gauge provides a much better value because the published information is based on recordings made at a distant location. NB the published ‘drying index’ value is far more representative of the general district than is the published rainfall value.

Adjustment: A small downward adjustment of the rainfall value is required to account for the proportion of the rain that lodges in the canopy and never reaches the soil. For this, subtract about 2 mm per rainfall event [RAINFALL LOSSES].

Example: Suppose in our earlier example, that 5 mm of rain fell on the second day (when the PET value was 2 mm), we adjust this rainfall amount downwards by 2 mm to work out the net rainwater contribution of 3 mm (5 – 2 = 3). We can now fine-tuneour estimate of the amount of irrigation water required by subtracting this 3 mm rainfall contribution from the irrigation amount calculated earlier. So, water usage (by the trees) was 6.5 mm minus the net water contribution (by rainfall) of 3 mm indicates an irrigation water requirement of 3.5 mm.

3. AN ASIDE

If irrigation water is scarce (expensive) it has been suggested that you might choose to irrigate with somewhat less than the full replacement amount. However, experience has shown that for olives, the use of anything less than about 75% of this replacement amount results in significant reductions in growth and yield. The potentialbenefits of ‘deficit irrigation’ (at least under New Zealand conditions) are less certain than the potential risks associated with it. Attempts at deficit irrigation are not recommended. [DEFICIT IRRIGATION]
3. SOIL WATER MEASUREMENTS - METHOD (#3)

· Consultant: You can employ a consultant who will come to your grove at frequent intervals over the summer months, measure the soil water content with an expensive instrument and will make specific irrigation recommendations about how much water to apply and when.

· Compromises: The soil water measurement methods used here derive from ones used successfully in research. However, the time and effort compromises required to adapt this sort of approach to the commercial environment tend to compromise the reliability of the information obtained through it. So, while soil-water measurment does have a place, we would suggest that you are generally better off with the ‘weakness’ inherent in Methods #1 and #2 than the ‘compromises’ inherent in Method #3. [METHOD 3]

g) RESILIENCE

Choices and degrees of difficulty: The above instructions may have created a degree of uncertainly – irrigation is just too difficult! Fortunately, most plant:soil systems are reasonably robust. While it certainly pays to do the best that we can, the combination of the soil’s capacity both to store and to drain water and of the trees’ capacity to tolerate both mild drought and temporary excesses of soil water, do create for us a sufficient margin of resilience to cope with the scheduling errors that even the best water management will generate.
h) HOW MUCH, HOW OFTEN
We have now some general idea of the amount of water that must be applied. However, if we are to action this, there remains the double question of ‘how much’ and ‘how often’. Is it better to apply the scheduled amounts of water in frequent, small lots or in less-frequent large lots? To find answers to these practicalities, we need to know more about the soil and more about the trees.

i. Available soil water: The quantity of water available to an olive tree depends on the volume of soil to which its roots have access and on the amount of water within this volume of soil that is available to the tree.
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Figure. 5. Root distribution in a mature, production olive tree.
ii. Rooting Volume: The relevant soil volume for a tree depends on its root distribution. Roughly, this is determined by: the lateral extent (area) of its root system multiplied by its rooting depth (the depth of soil inhabited by the major population of roots) or,
Rooting volume (m3) = Rooting area (m2) x Rooting depth (m)

iii. Rooting area: The lateral extent of olive roots growing under our intensive and irrigated conditions (and with our summer-rainfall climate) is similar to that of our other tree-crop species where the rooting area corresponds roughly to the projected area of the canopy i.e. to the drip zone. This contrasts with the situation under a dryland, Mediterranean climate where it is often much wider. For a mature tree (spacing 5 m within the rows, 6 m between rows), olive roots cover an area of about 20 m2 (about 5 x 4 m).

iv. Rooting depth: For any particular tree, the rooting depth depends very much on the local soil profile and this can be quite variable. This said, olive is a shallow-rooted species and commonly explores a layer of soil about 0.75 m thick that extends from about 0.5 to 0.8 m below the surface.

v. Rooting volume: We can infer that the volume of soil explored by a mature olive tree under our conditions is around 15 m3 (i.e. 20 m2 x 0.75 m).  We emphasise that this value refers to a substantially mature tree.

At this stage with our young and expanding industry, most New Zealand olive trees are immature and so they will explore much reduced volumes of soil. [ROOTING VOLUME]

i) SOIL-WATER CONTENT

The quantity of available water in a soil depends on the soil’s type, condition and texture. Stones are common in many of our ‘olive’ soils and these also very much affect the amounts of stored water.
	SOIL TYPE
	Uniform (days)
	Stony (days)

	Sandy
	5
	3

	Loamy
	10
	5

	Clay
	12
	6


Table 1. Typical amounts of available stored water for uniform textured soils and for soils containing significant amounts of stone (for further explanation see text).
In Table 1 the amount of available water in the soil is expressed as the number of days that a tree can be served by this in summer (PET ~6 mm /day). [SOIL-WATER CONTENT]
j) THE PRACTICALITIES
Table 1 suggests that the maximum interval between successive irrigations should range from 12 days down to 3 days depending on soil type. For a number of good reasons, the following irrigation guidelines are strongly recommended:
· Any given amount of water that must be added to replace usage is best applied in a number of frequent but light applications rather than in a few, heavy ones.
· Variations in water demand should be accommodated by changes in how oftenthe irrigation system is activated, rather than by changes in the duration of each irrigation (how long the system is left on).
· The (constant) amount of water applied at any application should be between a minimum of 10 mm (avoid lighter applications than this) and a maximum of 30 mm for young trees in relatively free-draining soils, or for more mature trees in heavier soils (avoid heavier applications than these).
· As trees grow, the emitters should be adjusted so that water is applied over thefull area of the drip zone. However, major upgrades and adjustments of your irrigation system are a winter job and should not be made at times when PET is high
· .Irrigate early in the morning (before the sun is too intense) or late in the afternoon (after the air has started to cool but allowing ample opportunity for surface drying of the canopy and soil before evening). Avoid irrigating in the heat of the day (water wastage) or in the cool of the evening (raised humidity overnight = disease). [IRRIGATION PRACTICALITIES]

k) SOME OTHER ISSUES:

i. CALIBRATION  Till now, we have assumed that when you choose to apply a certain volume of water to you grove, the amount that you intend to apply will in fact be applied in a reliable and uniform manner to your trees. This is by no means inevitable. You must take the trouble to calibrate your irrigation system and also to make sure that this calibration is maintained by regular checks. [CALIBRATION]

ii. WATER STRESS AND PHENOLOGY It is worthwhile avoiding the development of stresses either from water excesses or water deficits at any time of year. An unstressed tree tends to be a healthy tree… It is also a more productive one. Stresses at particular ‘key’ times of year (i.e. when particular growth events are taking place) can be especially damaging to yield and quality. [PHENOLOGY]

iii. IRRIGATION DESIGN It is difficult to make general recommendations here as this field is highly specialist and many aspects of good irrigation design will vary from grove to grove being very dependent on aspect and, particularly, on soil type. You should consider a layout that allows independent irrigation of different cultivars (different tree sizes and therefore volumetric water requirements). Also, one that reflects areas of land having different soils (with different water-holding characteristics therefore requiring irrigaton at different frequencies). We recommend the services of a professional having good local knowledge, good experience and good reputation.

iv. DRIPPERS VS SPRINKLERS An irrigation emitter regulates both the amount of water delivered to each tree and also the ground area over which it is distributed. Ignoring the different brand choices, there are just two basic emitter types - micro- or mini-sprinklers and drippers. Of these, the most appropriate choice for any situation will depend mainly on the soil type but it will depend also to some extent on the properties of the crop and there are various secondary considerations that should be taken into account. [DRIPPERS VS SPRINKLERS] 

v. IRRIGATION DEPENDENCE Irrigated trees develop a degree of dependence on the consistency of your irrigation practice. Dependence is an inevitability and is not a bad thing in itself, so long as you are aware of it. [DEPENDENCE]

vi. WATER USAGE BY THE UNDERSTOREY A significant proportion of water use in you olive grove is by the grass/weed understorey that you must mow at regular intervals. This is an inevitability in a more sustainable production system. To minimise mowing, it is worthwhile trying to avoid irrigation and fertilisation of the inter-row. [WATER USAGE BY GRASS]

