Section  G - Mineral Nutrition by:   SANDY LANG    SJEF LAMERS
1. PLANT NUTRITION
Of the one hundred or so elements known to science, about sixteen are essential for healthy plant growth (see Table 1). As plants are unable to move around to feed, they must obtain these mineral elemants, either from the volume of soil into which they are rooted or from the air. Green plants are also 'phototrophic'. This means that, unlike ourselves, they are able to use inorganic carbon as their main source of carbon and to obtain energy for their life processes from sunlight.

	Element
	Symbol
	Element
	Symbol

	carbon
	C
	sulphur
	S

	hydrogen
	H
	iron
	Fe

	oxygen
	O
	manganese
	Mn

	nitrogen
	N
	zinc
	Zn

	phosphorus
	P
	copper
	Cu

	potassium
	K
	boron
	B

	calcium
	Ca
	molybdenum
	Mo

	magnesium
	Mg
	chlorine
	Cl


Table 1. Elements essential to plants.

Leaves: Plants access the first three of these elements (C, H and O) within their leaves by photosynthesis. This well-known process employs the green pigment ‘chlorophyll’. It starts with water (H2O - from the soil via the roots) and carbon dioxide (CO2 – from the air via the stomata) and, in the presence of sunlight, splits and recombines the component elements to form sugars and oxygen.

Photosynthesis can be represented by the equation: H2O + CO2 =  O2 + CH2Owhere O2 is gaseous oxygen which is released into the air and CH2O is the general formula for sugar which is the basic ‘building block’ from which all plant tissues are constructed - cellulose cell walls, starch for energy storage, protein for enzymes etc. [MORE on photosynthesis]
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Figure 1. Photosynthesis converts ‘sunlight’ energy to ‘chemical’ energy in the form of sugars. These sugars form not only a plant’s ‘food’ but also the ‘bricks’ from which all their parts are made (cell walls, proteins etc).
Roots: The rest of the essential elements (N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, B, Mo, and Cl) are taken up by the roots from the soil where they exist in solution or in association with soil particles. This chapter deals with how these soil minerals should be managed so as to make them available to the plants (in this case to olive trees) in optimum amounts.

MINERAL DEFICIENCIES

When a plant is unable to take up any one of these minerals at a sufficient rate, its growth is slowed or impaired in some way. Insufficient uptake of a soil mineral is usually the result of a soil deficiency (the mineral’s level in the soil is too low) in which case the level should be raised by the application of a suitable fertiliser.

Sometimes, however, the mineral is present in the soil in sufficient quantity but it is not sufficiently available. Many factors affect the availability of soil minerals. These include the soil's pH (too high or too low), its temperature, its organic matter content, and various aspects of its physical condition such as compaction, texture and structure. Mineral availability is particularly affected by poor drainage.

If good rates of plant growth, and high plant health, are to be maintained, prompt and appropriate action is required to increase either the quantity or the availability of any minerals that the plant perceives as deficient. The focus of this chapter is on the management of the soil such that the olive trees will have good access to the essential soil minerals in the right amounts.

Fertilisers: Recommendations for fertiliser application are usually based on soil and/or on leaf analyses.

Prior to planting, soil analyses provide information on soil pH and soil mineral levels and indicate the initial adjustments that are required. Soil testing and mineral analyses lead to more efficient nutrient management and take some of the guesswork out of these initial fertiliser recommendations.

For an established grove, a combination of leaf and soil analyses will help to determine the ongoing fertiliser requirements. These continual additions are needed to maintain the nutritional status of the soil as its minerals are continually removed by the trees or are leached away by soil water flows. An ongoing testing programme also helps to ‘fine-tune’ soil nutrition; especially in parts of the grove where it is suspected a local problem may exist (the soil and soil environment are very variable from place to place even over just a few metres).

INTERPRETATION

Leaf and soil tests provide information on the levels of the key minerals in the samples that are presented to the analyst. Before one can know if these levels are either low, satisfactory or high etc (so that one can work out what fertiliser additions are required) one must have some idea of what the ideal or ‘target’ levels should be. Target levels depend on the particular plant and soil with which one is dealing and, also, with the manner and time of year in which the sample is taken.

Plant samples: Because we deal in this chapter exclusively with a particular plant (olive) it is possible to provide a table of ‘target’ values against which to compare leaf-analysis results. This table makes interpretation reasonably straightforward. You can use it to discover which elements are at levels that are satisfactory and which are in deficit or excess.

	Element
	Level (%)
	Element
	Level (ppm)

	nitrogen
	>1.5-2
	boron
	>19 <150

	phosphorus
	>0.1-0.3
	manganese
	>20

	potassium
	>0.8
	copper
	>4

	calcium
	>1.0
	
	

	magnesium
	>0.1
	
	

	sodium
	<0.2
	
	

	chlorine
	<0.5
	
	


Table 2. Critical values for olive leaf minerals (January sampling; dry weight basis). A New Zealand standard has not yet been established so we provide values derived from the California standards cited in L Ferguson, GS Sibbett and GC Martin 1994. Olive Production Manual. UC Publication 3353.
Soil samples: Unfortunately, the establishment of ‘target’ levels for the soil minerals is not so straightforward. Before we can do this we require knowledge of the particular soil. We must have a fairly detailed knowledge of the soil’s type, structure and condition etc. This information, of course, varies enormously from site to site making the presentation of a ‘universal’ table of target soil-mineral values impossible. To develop a table of target values for soil minerals in your olive grove, you will require access to the services of a professional who can offer a good level of technical expertise and experience in the field – speak to a registered consultant. Working with such an expert should allow the establishment of a set of target levels for yourparticular soil against which the results of your subsequent soil-mineral analyses can be measured.
ORGANICS

There are no particular difficulties raised in managing soil mineral nutrition under New Zealand’s various organic regimes. All of the elements that we might require to supplement are reasonably available as either major or minor components of various natural (mined) minerals whose use is permitted. Organic production, does just mean that one cannot simply use the nearest or cheapest ‘chemical’ source of that particular element.

PHASES

It is convenient to discuss a grove’s fertiliser requirements under three headings, each representing one of the phases in its development. Namely:

PHASE 1 - ESTABLISHMENT (before planting)

PHASE 2 - EARLY DEVELOPMENT (approximately year-0 to year-6)

PHASE 3 - PRODUCTION (approximately year-6 onwards)

