Introduction
Apples are a unique fruit. They enjoy an enviable reputation as one of the most popular fruits worldwide and are produced in almost every country that has a cool temperate climate. Together with oranges and bananas they dominate all markets by being available year-round. Crisp, crunchy fresh apples appeal to young and old alike, and they have the added advantage of being easily processed into juice, pulped for baby food, or canned or frozen for apple pies and bakery products.

Overview of the industry
World production

Global apple production is dominated by China, which produces five times more than the US, its closest producing competitor. France, Turkey and Italy follow, in that order, and are the major European producers; these are followed closely by other European and South American countries.

World apple production has been expanding considerably in the last 10 years, particularly in China, where production has grown from 4.5 million tonnes in 1990 to 22 million tonnes in 1999.

In comparison, Australian production is less than 1% of total world production, but is one of the six southern hemisphere producers that have found counter-seasonal supply to be an advantage in marketing fresh apples to northern hemisphere consumers. Chile, Argentina, Brazil, South Africa and New Zealand all produce significantly larger volumes and have more aggressive export marketing strategies compared with those in Australia.

However, each country is facing similar problems of oversupply due to: 

· expansion of plantings during the last 10 years; 

· declining per capita consumption; 

· meeting consumer requirements for new flavour and taste sensations—it takes time to breed and market new varieties. 

Australia
The Australian apple industry has a farmgate value of $266 million. In 2000, the total production of apples was 319 000 tonnes produced from 9.6 million trees on 25 000 hectares. There are approximately 1600 growers, and Victoria and NSW produce approximately 50% of the total production.

The major apple-growing regions in Australia are: 

· NSW—the Orange, Batlow, Forbes and Bilpin–Camden regions; 

· Victoria—the Harcourt, Bacchus Marsh, Gippsland, Mornington Peninsula and Goulburn Valley regions, and the eastern metropolitan area of Melbourne; 

· Western Australia—the Donnybrook and Manjimup regions; 

· Tasmania—the Huon Valley; 

· South Australia—the Adelaide Hills; 

· Queensland—the Stanthorpe region. 

These regions tend to have mild summer temperatures, a cool autumn, and a cool to cold winter. Although there is reasonable rainfall, most require supplementary irrigation. While the areas produce high-quality apples, there are crop loss risks from severe hailstorms. Netting has been erected in some regions to minimise losses.

Fruit production and quality can vary between seasons and this is influenced by flood, drought, excessive heat, wind damage, frost, and the damage caused by insects and diseases. Apples have a tendency to biennial bearing, which means they tend to crop heavily one year and have a light crop the following year. Crop regulation such as thinning minimises these fluctuations.

New South Wales
The New South Wales apple industry has a gross value of $79.9 million. In 1997 the total production of apples was 83 200 tonnes produced from 2.1 million trees.

The major apple-growing areas within the State are Batlow and Orange in the tablelands—these regions have 87% of the trees and 88% of the production in New South Wales. In 1997 the varieties Red Delicious and Granny Smith accounted for 49% and 21% respectively.

	Highly coloured strain of Delicious— one of the most popular apples in NSW.
	The Granny Smith is an important variety both for the fresh fruit markets and for processing.
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Although these varieties still dominate, the number being planted is declining, while tree numbers and production of new apple varieties such as Fuji, Gala and Pink Lady™ are increasing.

Industry organisations
The Australian Apple and Pear Growers Association (AAPGA) was formed in 1945 to promote the interests of apple and pear growers throughout Australia. The AAPGA works closely with Horticulture Australia Ltd (HAL) in the provision of marketing and promotion, and research and development. (HAL is the combination of the previously separate entities of the Australian Horticultural Corporation and the Horticultural Research and Development Corporation). In NSW, the representative organisation is NSW Apples and Pears, a subcommittee of the NSW Farmers’ Association.
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Before you start
If you have never grown apples before, you will find this section useful. It is a brief checklist of the essential things you need to know before you start.

Climate
Apple trees need a winter cool enough to give them a ‘rest’ or dormant period. Some parts of the State meet the winter temperature requirements but have a summer that is too hot for consistent production of high-quality red-coloured dessert apples. Highland districts with mild summer temperatures, a cool autumn with dewy nights, a cool to cold winter and reasonable rainfall provide favourable climatic conditions for the production of high-quality, well-coloured apples. However, the warmer districts have potential for expansion into apple production with the release of new varieties such as Cripps Pink (Pink Lady™).

Apple trees need consistently available moisture during the growing season to promote regular and heavy production. This is particularly important in semi-intensive and intensive plantings.

Damage from hail can result in serious financial losses, especially when it falls in consecutive years. Long-term observations of the occurrence of hail suggest that no one district in NSW is more subject to hail than any other. The erection of a protective net fabric (shown at right) over high-production plantings is worth investigating.

Soil
Poor soils cannot produce heavy crops without expensive applications of nutrients. Fertile soils, then, produce well at lower cost. Deep, naturally well-drained soils allow for greater root penetration, giving trees more chance of withstanding dry periods. Such soils also ensure against root rots during excessively wet periods. Drainage can often be improved by installing tile or plastic drainage pipes before planting, but this is costly and the drains may not remain effective for the full life of the tree. The optimum pH range is 5.5–6.5.

Site
There are four important factors to take into account: frost, aspect, wind and slope.

1. Frost
Low air temperatures often occur in highland districts and can cause crop loss or damage from just before to just after the blossom period. This can be severe in poorly situated plantings. Valley floors, unless they have sufficient slope and are unobstructed by dense timber, are usually hazardous situations, as may be the lower parts of slopes unless there is enough downside for air drainage.

2. Aspect
Although successful plantings have been made on hillsides exposed to the south, avoid this aspect if possible. In the early spring, these sites often experience cold southerly airstreams which, though perhaps not damaging in themselves, frequently create conditions that are too cold for adequate movement of pollinating insects during the blossom period. Consequently production can be affected. Sometimes, however, sites facing south may be reasonably protected by features of the surrounding topography.

Slopes facing north are usually warmer because they are under less influence from cool southerly winds and because more heat is absorbed from the sun. In such situations, tree growth often occurs earlier in the season and fruit matures ahead of other plantings.

3. Wind
Excessive wind makes tree training more difficult, hinders tree development and can be very damaging to crops. The site and general topography determine the need for windbreaks. If possible, establish trees before the orchard is planted and promote development by control of weeds and provision of irrigation. Alternatively, artificial windbreaks can be considered.

4. Slope
Changed cultural techniques now permit the use of slopes that once would have been regarded as too steep. In practice, the degree of slope that can be planted will be determined by the safe and efficient use of machinery and equipment.

Separated plantings
It is not always possible to maintain plantings as a single unit, and the orchard may consist of separated holdings. The factors already discussed will play a major role in determining the location of plantings.

There are disadvantages in locating new plantings some distance from the central unit, such as: 

· loss of time in travelling; 

· additional costs of transport; 

· possibly more costly water reticulation; 

· more difficult supervision; 

· possible security problems. 

Service facilities
Growers in the bigger apple-growing districts can often buy orchard supplies at more competitive prices, use central packing-house facilities, hire cool-storage space, have access to specialised contract machinery and service personnel, and more easily arrange adequate labour for harvesting and pruning. The availability of these and other services can improve production efficiency.

Additional factors to consider include the existence of adequate educational, general business, medical, social and recreational facilities. Attracting casual labour for harvest operations also needs to be considered—even those growers who are located closer to large towns may find that they still need to provide on-site accommodation.

Transport
Although greater distances from market outlets will normally result in higher transport costs, this consideration is secondary to locating the orchard where productivity will be high. In recent years, improved handling and packaging, and fast transport, have enabled fruit to be delivered in good condition after being transported over long distances. In some instances more fruit bruising can occur over the short distance between the packing shed and the front gate than during the lengthy highway journey to market.

Apple varieties
For detailed information, see Agfact H4.1.12 Apple varieties.

There is a fundamental need for growers to produce what the market requires. There is no guarantee that a highly popular variety planted this year will still be as popular in 10 or 15 years’ time. There is a need to remain alert to market trends and planting statistics, and to be prepared to adjust the planting/production mix in the interests of long-term viability.

Other important considerations are: 

· the production of those varieties most suited to a locality; 
· the selection of varieties that can be effectively integrated into the orchard management program; 

· susceptibility to diseases and pests; 

· provision for adequate cross-pollination. 

There is an apple variety for every taste and use. Some are sweet, some tart, but all are more crisp and tart when eaten fresh from the tree. As they ripen they become softer and sweeter because of the formation of natural sugars. Table 1 is a brief summary, by season, of the main apple varieties grown in Australia:

	Table 1. Suggested apple varieties, by season

	Mid-early
(late Jan. – early Feb.)
	Mid-season
(Feb.–Mar.)
	Late
(Apr.)
	Very late
(late Apr. – early May)

	Gala and strains
	Jonathan
Jonagold
Delicious
	Granny Smith
Braeburn
Fuji
	Pink Lady
Sundowner
Lady William


Propagation
Propagating apple varieties and rootstocks is a very demanding task, requiring very good grafting skills. Most commercial growers rely on specialist fruit tree nurseries to do this for them. When using commercial nurseries, good forward planning is the key to obtaining quality planting material.

Nurseries are often unable to provide trees at short notice, so it is wise to plan ahead and order in advance. Suitable varieties and rootstocks for your situation should be discussed and ordered at least 1 year ahead. This should also include consideration of the proposed tree-training system, as this will determine the type of tree to be ordered.

If well-feathered trees (Figure 1) are required for early production, such as for central leader or spindle, the nursery grower needs to know at ordering time so that the best propagation system for feathering can be used right at the start. If single whips (Figure 1) are required for trellises or some other system, the production in the nursery is different.

Figure 1. Tree types from the nursery

	Feathered tree
	Whip

	[image: image1.png]



	[image: image2.png]





The use of virus-free scion and rootstock material is very important. Check that your nursery is using virus-tested material. Research has shown that 40% yield loss can occur if virus-infected material is used. Some rootstocks, such as Ottawa 3, are very susceptible to virus infection, which leads to unthrifty or dead trees in the early years of the planting.

Dwarf rootstocks are mainly not resistant to woolly aphid, and some are quite difficult to propagate. The use of these dwarf rootstocks can be assisted by using them as interstems on MM.106. These interstems must be at least 22 cm long. If the interstem is too short the control of tree vigour is reduced with stronger growth of the scion. However, including an interstem increases the overall price of the tree.

Rootstocks
See Agfact H4.1.10 Apple rootstock identification (this Agfact also includes a diagram comparing apple rootstock size and vigour).

Apple seedlings are now rarely used, as the range of clonal rootstocks available covers most possibilities and are more reliable in production, precociousness and bearing. MM.106 has been the most widely used rootstock because of its versatility for different soil types, vigour, compatibility, and influence on productivity. However, most growers are now using dwarfing rootstocks to control vigour and increase productivity. These differences are given in Table 2. The choice of rootstock will depend on the soils in each district and on the climatic factors.

	Table 2. Characteristics of the main apple rootstocks

	Rootstock
	Vigour
	Resistance to woolly aphid
	Cropping
	Spacing & density
(trees/ha)

	MM.111
N. Spy
	Semi-vigorous
	Yes
	Start fruiting in 4th year
	5 × 2.5 m
800

	MM.106
	Semi-dwarf
	Yes
	Start fruiting in 3rd–4th year
	4.5 × 2 m
1111

	M.9
M.26
	Dwarf
	No
	Start fruiting in 2nd year; very precocious
	4 or 3.5 × 1.5 m
1667 or 1905


Pollination, and alternative planting layouts
Cross-pollination is required for all currently recommended varieties. There are three aspects to be considered.

1. Blossoming time
Varieties chosen to provide cross-pollination for each other should have blossoming times that are the same, or that overlap sufficiently. In addition to dessert varieties, crab apples can also be useful pollinators. A block of one variety can use crab apples for all its pollination. See Agnote 4-77 Crab apples as pollinators.

There are not any sterile combinations except that red strains of a variety (such as Delicious or Fuji) will not pollinate any other red strain of the same variety. Triploid varieties do not produce much pollen. If you are growing Jonagold, allow for two varieties for pollinating so that they will set each other as well as the Jonagold. Other triploid varieties are Mutsu and Gravenstein.

2. Bees
The honey bee is the major pollinating agent. Don’t rely on wild bees as they are not normally plentiful at blossoming time. Growers usually contract commercial beekeepers to provide hives during blossoming. In general, hives should be introduced when approximately 5% of the blossom is showing. The recommended rate is three strong hives per hectare, but a higher stocking rate may be desirable.

Hive placement will dictate the level of activity of the colony. The hives should not be placed in long rows but in clusters. Irregular layout patterns are best, with the hives spaced apart and facing different directions in minimum lots of 20–30. If the area is small, then one or two placements may be necessary.

When hail net is used, the timing of when to place bees under the net is critical. Some blossoms have to be out in flower, otherwise bees may go foraging elsewhere and have difficulty returning to the hives under the net. When hail net is rolled up for winter snow (as in Orange and Batlow), some growers will wait until after flowering before rolling out the net again.

Bee activity is very dependent on air temperature.

3. Tree placement
The ideal pollination ratio is 1 to 8, but this can change depending on the varietal vigour, rootstock, and tree-training system. High-density plantings of more than 1000 trees/ha, using dwarfing rootstocks, should have pollinators scattered through the block (see Figure 2).

Figure 2. Example of a basic layout plan—here, the pollination ratio is 1:7
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For lower-density plantings, the pollinators can be planted in solid rows, separated by no more than four varietal rows (see Figure 3).

Figure 3. Basic layout plan for pollination ratio of 1:1

[image: image4.png]11

© main variety
# pollinator

SEBBBBEBBENS
SHseEBsSBBBBIES
LA R R R R R LR RN DR
LA R R A R LR R DR

SR BB BBREBONS




Dense tree canopies which form hedgerows will impede bee activity, forcing bees to work down rows and not across the rows. This reduces pollination effectiveness. Therefore the tops of trees should be kept open and pyramidal in shape, not only to avoid shading and poor fruit quality in the top third of the tree, but also to improve bee traffic and access. This is particularly important under hail net, especially if under gabled rather than flat net, or if the tree tops are close to the net.

Orchard establishment and management
Ground preparation before planting

Trees establish better in virgin land. Occasionally problems are encountered in virgin land when tree roots become infected by the fungus Armillaria mellea, which is found on the roots of some native timbers. To minimise losses from this disease, roots from cleared timber must be grubbed and burnt. Deep-ripping of the site not only brings these roots to the surface, where they can be heaped and burnt, but also promotes better tree growth during the early years of orchard establishment.

Recently cleared land will benefit from the establishment of a legume-dominant pasture for a few years before planting. Alternatively, vegetable growing could be considered as a means of improving the soil, both physically and chemically. In either case, the soil pH (acidity) must be satisfactory before planting.

Where planting is being considered on land that has previously been intensively cropped, the history of that land needs to be considered for the likelihood of success; for example, planting apples after apples may result in replant problems.

Spelling the land from apples for 3 years or more may be sufficient, but most growers cannot afford to wait this length of time. In light, sandy, well-drained soils the problem may be nematodes; in rich, deep, heavier soils the problem is more likely to be fungal or bacterial. Some chemical options are available (particularly for nematodes), such as fumigation. Fumigation is effective but expensive, and there are certain chemicals that are becoming unavailable for use.

In all cases, good land preparation is very important, including deep-ripping, and the correction of pH or any nutrient imbalance.

Earlier planting (July) rather than late planting (September) is recommended, and after-tree-planting care is necessary.

Ground preparation at planting
If the whole area is not deep-ripped before planting, a 1.5–2 m strip could be deep-ripped along the proposed tree rows. Cultivate the strips sufficiently to provide fine tilth for filling in after planting—the soil can then be settled in around the roots.

Planting distances
Higher tree densities improves productivity. The ideal tree density will depend on: 

· soil fertility; 

· whether irrigation is available; 

· rootstocks and variety/strain; 

· method of tree training; 

· use of chemical growth regulators. 

Aiming for increased production by planting at too high a tree density without consideration of all these factors can lead to poor results. The main pitfalls are insufficient light penetration, resulting in poor fruit colour, and excessive competition between trees for nutrients and moisture, resulting in reduced fruit size and lower yields. High-density plantings (above 1500 trees/ha) require excellent management skills to ensure: 

· production is maintained; 

· target yields are achieved; 

· there are good returns on capital investment. 

	Table 3. Tree density planting guide

	Rootstock
	Varieties
	Planting distances
(m)
	Tree density
(trees/ha)
	Tree training*

	M.9
	Fuji, Gala, Delicious, Braeburn, Granny Smith, Pink Lady
	1.5 × 3.5 

1.5 × 4
	1905 

1667
	SS 

SS

	M.26
	Fuji, Gala, Delicious, Braeburn, Granny Smith, Pink Lady
	1.75 × 3.5 

1.75 × 4
	1633 

1429
	SS 

SS

	MM.106
	Fuji, Gala, Delicious, Braeburn, Granny Smith, Pink Lady
	2 × 4.5
	1111
	CL

	N. Spy
MM.111
	Fuji, Gala, Delicious, Braeburn, Granny Smith, Pink Lady
	2.5 × 4.5
	889
	CL

	MM.106
M.9
	Jonagold
(vigorous triploids)
	2.5 × 5
1.75 × 4
	800
1429
	CL
SS


* SS = slender spindle, CL = central leader

Planting out
Planting is normally carried out in winter when trees are dormant. Trees supplied by the nursery are usually bare-rooted and need to be heeled-in or at least covered by moist sacking or something similar to stop the roots drying out before planting. Plant the tree to about the same depth as it was planted in the nursery. Be sure the union is above the ground, especially with dwarf rootstocks, so that there is no scion rooting. If the soil is dry, water without delay to assist early root growth.

In areas where trees are propagated in containers, planting can be carried out at any time. New root growth may begin as early as the end of July, well in advance of growth above ground. Although plantings are sometimes made towards the end of August and later, the risk of poor establishment increases with time. Aim to complete planting by the end of July, especially where no pruning is to follow planting.
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To reduce costs some growers are now using mechanised planting equipment for large plantings. In this case, it is important to firm in (stamp in) each tree behind the machine after planting so that there are no large air spaces around the roots. Manual planting can be speeded up by the use of a post-hole digger. If the soil has been well prepared, the hole need be no larger or deeper than is required to accommodate the root system.

If the tree has been budded sufficiently high on a semi-dwarfing or dwarfing rootstock and there is sufficient depth of topsoil, slightly deeper planting to aid tree stability may be possible. Place topsoil in the bottom of the planting hole to assist early tree development.

In exposed situations, and where soils are shallow, stake trees, especially when on dwarf rootstocks. M.9 and Ottawa 3 will need the support of a trellis or stake for the life of the tree, as the anchorage is not good due to brittle roots. M.26 may need some support, especially in exposed areas.

Caring for young trees
After planting, check that the union is above ground level. Weed control and irrigation are particularly needed in the first season so that the tree has the best start. The use of mulches of composted green organics, straw (shown at right), sawdust or similar materials along the tree row will help to control weeds and assist soil moisture around the roots. A mulch of richer materials such as chicken manure will need to be carefully regulated, as excessive fertiliser will damage tree roots, especially after heavy rain. Avoid placing organic manure or nitrogen-based fertilisers in contact with the roots, as root burn and damage can occur.

Young trees need protection from vermin. Rabbit-proof fencing may be necessary in some blocks, but sometimes repellents or stem guards are necessary (shown at right). Rabbits or hares, even in small numbers, can cause severe damage to newly planted trees, especially during the first winter of planting. Guards can be made from a range of materials such as insulation foil or pre-cut polypipe to protect the trunk. Never allow grazing stock into young plantings.
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Control of grass and weeds around young trees is important and can be achieved with suitable herbicides. It may be necessary to protect stems during herbicide spraying, and stem guards can provide protection from both vermin and herbicide.

With its restricted root development, the young tree is particularly vulnerable to long dry periods, especially where trees are competing with ground cover for moisture. The aim should be to have soil moisture available to meet tree requirements during the entire growing season to maximise early tree development and, later on, production.

Normally, pesticide applications to young non-bearing trees are restricted in the interests of economy, but in order to do this effectively, young plantings should be kept under regular and careful observation. This is particularly important for scab and mildew control in a wet season. Mildew damage on susceptible varieties can devastate tree-training systems.

Training and pruning
Trees are trained to a required form or structure, such as: 

· central leader 

· vase 

· slender spindle 

· palmette (shown at right) 

· Tatura trellis (including open Tatura). 
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The first three produce freestanding trees, while the last two require trellises for support; however, some sort of support is necessary for dwarf rootstock like M.9, whatever the training system.

The central leader, or a modification of this system, is generally recommended in NSW. Its advantages are early and self-supporting tree development, early cropping, and the structural strength and pyramidal shape where most of the crop is within arm’s reach of the ground when used with semi-dwarfing rootstocks. This also helps reduce labour costs at harvest, as the need for ladders to enable pickers to reach high fruit is lessened.

Little pruning of the young central leader tree is required to achieve quick tree development and early cropping. Detailed pruning (for example shortening back growths) in mature trees is kept to an absolute minimum as a cost-saving measure. More emphasis is given to removal of ‘chunks’ or multiple growths in order to prevent overcrowding and to encourage the production of young wood, which always produces better sized fruit. Further cost savings are achieved by the use of mechanical hoists (‘cherry pickers’), powered hand pruning shears and the careful use of mechanical hedging equipment.

European systems are now being adopted for Australian conditions, with high-density planting using slender spindle on dwarf rootstocks. Most dwarf rootstocks, especially M.9, require some support all their life, as anchorage is poor. This support can be provided by separate stakes for each tree, or by a simple trellis of two wires to support the tree (the tree is not trained to the wire). The traditional vase tree has been largely superseded because of the additional costs of pruning and the longer time it takes for production to commence.

See Agfact H4.3.1 Training and pruning apple and pear trees.

Crop regulation and thinning
Heavy and consistent cropping is not the only goal of crop regulation. The proportion of the crop that is of premium size is also very important. For many years the demand for small apples has been decreasing, and the larger sizes have been more keenly sought. Small fruit brings lower prices and is also more costly to prepare for market.

The aim should be to produce most fruit within the size range that is most sought by the market. Fruit size can be improved by good management practices such as thinning, particularly early in the season of an ‘on crop’ year. Thinning is of particular significance where pruning has been light, because with this type of management over-heavy cropping can reduce average fruit size.

Chemical thinning is widely used to reduce fruit numbers and increase fruit size. It is effective, but the end result cannot be precisely predicted because of environmental factors. Recommendations involving the use of thinning agents are therefore framed so as to result in underthinning rather than overthinning. ‘Underthinning’ means that some hand thinning will be necessary for optimum results, but this is far better than overthinning and risking a consequent loss of income. Research continues on chemical thinning to achieve more reliability and uniformity in results.

Although costly, hand thinning of fruit is usually carried out if not enough of the crop has been removed chemically. Hand thinning allows predetermined spacing between fruit, better control over final fruit size and the opportunity to remove the worst of any hail-damaged fruit.

Pest and disease control
Annual control of pests and diseases is an essential part of apple production. It is costly, and requires time, labour and skill. The two most significant pests are codling moth and apple scab (see Agfact H4.AB.4 Apple and pear scab). In the major production districts, about 12 spray applications on average may be required annually (there would be more if some pesticides were not combined and applied together).

The current trends are to reduce the amount of spraying and to use more environmentally friendly sprays and biological control (predators, parasites and tree resistance). By monitoring pest and disease development, the weather, and the use of pheromones for pests in integrated pest management (IPM) programs, sprays are applied only when needed rather than at set times.

The most concentrated effort in spraying occurs during the spring / early summer period, when frequent applications are needed to combat apple scab—growers must be able to spray the orchard completely within a few days after long periods of wet weather. Those who attempt to grow apples as a part-time enterprise, confining spraying to weekends, invite failure. Drive-past air-blast spray equipment is extensively used by growers so that pesticides can be applied quickly.

Pesticide recommendations are constantly under review. Growers are kept informed by the information provided in the Orchard Plant Protection Guide, an annual publication available through NSW Agriculture offices.

Soil and weed management
Soil and weed management options are influenced by climate, ground slope, equipment, irrigation, age of trees, planting layout and dominant weed species.

Controlled ground cover helps to increase productivity, and growers have adopted sod or semi-sod culture, where suitable legume species are the sole or dominant component of the sod. Legumes improve soil fertility by adding nitrogen. In a number of districts, subterranean clover has proved to be very valuable in sod culture.

Left uncontrolled, clover and various grasses and weeds can unduly compete with trees for available moisture and nutrients. Controlling ground cover in a sod culture system involves mowing, applying herbicide to strips along the tree rows, and, sometimes, limited cultivation. For example, in a typical tableland sod culture orchard, subterranean clover may provide the basis of the sod and may be mowed as many as five times during the spring before it dies off to form a layer of mulch.

In high-rainfall areas such as Batlow, white clover is often chosen as the basis of the sod, as it will grow throughout the entire apple-growing season. Supplementary irrigation, and the use of herbicides to control ground cover in a 1 m wide strip along either side of the tree row, provides insurance against moisture stress and enables the system to be used with confidence.

Sod culture has allowed the extension of apple growing onto many sites which otherwise would have been too steep to cultivate.

Undisturbed sod usually provides enough support for heavy spray equipment, even when the soil is wet, allowing timely pesticide applications. In warm to hot districts with comparatively low rainfall, sod culture will be successful only if irrigation is available.

Nutrition and soil pH
There is considerable variation in soil fertility between the different NSW apple-producing districts, and within each district. The soils in Orange are mostly basaltic in origin, while in Batlow they are basaltic or granitic, or a mixture of both. Generally they are rich, reddish-brown loams, well supplied with major nutrients, friable, of good depth and with clayey subsoils. Many planting sites, especially in the higher-rainfall tableland and coastal districts, may have high potential fertility, but, because the soil is too acidic, growth and production will be impaired unless the condition is corrected.

A soil test should be undertaken prior to planting to measure the degree of acidity or alkalinity (pH) of the soil, and the exchangeable cations. The results of this test will determine whether or not liming is necessary. The best soil pH for apples is about 6.5 (CaCl2 (calcium chloride) method), and the pH level should be maintained above 5.5 (CaCl2). When soils are too acidic, some plant nutrients become less available while others can become available in toxic amounts.

Applications of fine agricultural lime, dolomite and/or magnesium oxide are the usual ways to reduce acidity, and they should be deeply incorporated into the soil some months before planting. Lime also adds the nutrient calcium to the soil, and dolomite adds both calcium and magnesium. In established plantings, the sod should be pH-tested every few years. If necessary, the sod should be top-dressed with lime or dolomite before the pH drops too low.

Highly fertile soils may not need nutrients added until some time after trees begin bearing fruit, which depends largely on initial soil fertility, planting density and tree performance. However, more often than not, even young non-bearing trees will benefit from a fertiliser side dressing, as this encourages the rapid development of a large framework capable of carrying heavy crops from an early age.

The major nutrients, such as nitrogen (N), phosphorus (P) and potassium (K), may be added to the soil either as ingredients of mixed or complete fertilisers, or individually in specific fertilisers. They may also be applied as foliar nutrients to supplement soil applications.

Several micronutrients are required in very small amounts and a deficiency of some of these can lead to totally uneconomic production. Soils in NSW may be deficient in boron (B), zinc (Zn) and iron (Fe), while manganese (Mn) may be either deficient or over-available in toxic amounts. Deficiency symptoms of these nutrients can be corrected by either soil or foliar applications, although iron [image: image22.jpg]


deficiency may be difficult to correct. Manganese toxicity can normally be corrected by lime, which reduces soil acidity and the availability of the manganese.

Calcium sprays are extremely important in the control of disorders in cool storage. Liming the soil will aid this control but it is not enough for obtaining good fruit quality. A number of sprays of calcium nitrate or calcium chloride will be needed each season to protect the fruit destined for storage.

No nutrition program will compensate for the continuing loss of topsoil, or the destruction of soil structure through excessive cultivation. Sound soil-management practices are therefore important in maintaining a high standard of tree health and productivity.

Irrigation
Even in districts where there is a reliable high average rainfall of more than 750 mm, irrigation is essential: 

· for early tree development; 

· to obtain early and heavy crops; 

· to achieve consistent cropping; 

· to produce fruit of optimum size. 

Irrigation should be installed from the start of the first growing season.

The design of the irrigation system depends on water availability and soil type. Dripper and microjet systems are efficient in water use, and such an investment is economical—it will be more than repaid should there be a drought. It is also important to monitor water usage and to schedule irrigation periods according to the trees’ needs rather than on a calendar basis.  Mid to late summer is the critical time to avoid water stress as the fruit approaches maturity.

Water stored on the orchard is used to increase productivity and to safeguard against droughts.

Harvesting
Apples approaching maturity have a slower rate of ripening than stone fruits. Nevertheless, careful judgment and management are needed to harvest fruit at the ideal time for its intended purpose. You will need to take into account the following factors: 

1. Apples on a tree do not mature uniformly. This is particularly apparent in the coastal and coastal highland districts where apples mature early and the blossom period is more prolonged due to lack of winter chill. For some varieties and situations this means that trees cannot be harvested at the one operation, and three or four picks are needed. Some varieties, for example Gala, also need to be harvested this way, irrespective of location. 

2. Intended purpose affects time of harvesting. If the fruit is required for immediate marketing it can be left to become fully mature on the tree; if it is required for lengthy storage before marketing, perhaps 9 or 10 months, the timing and length of the harvesting period becomes precise and critical. Fruit for storage may shrivel if harvested too early—it will certainly not develop its full flavour and may be susceptible to storage disorders; if harvested too late, its storage life will be shortened and storage disorders can occur. 

Fruit on lightly cropping trees usually matures well ahead of the fruit on trees carrying moderate to heavy crops; consequently it needs earlier harvesting. Small to medium-sized fruit keeps longer than large fruit, hence the large fruit should be sold first.

Indications of maturity will vary from district to district. When grown on the same land, varieties on dwarf rootstocks mature earlier (perhaps by one week) than if they were on the rootstocks MM.106 or Northern Spy. Some maturity indicators are as follows: 

1. As maturity approaches, the ground or base colour of the apple changes from a deep green to a lighter green, finally becoming yellow. Fruit for storage should be harvested when the ground colour is not advanced beyond the green-yellow stage. It can be left until a light-yellow stage only if it is required for immediate consumption. 

2. As the fruit matures, red pigmentation in coloured varieties intensifies. However, there are now a number of varietal ‘strains’ which become fully coloured well before maturity is reached. Sugar levels increase and fruit firmness decreases. 

3. At maturity, the flesh has lost the ‘woodiness’ associated with immaturity. Green pigmentation of the flesh has disappeared (or almost disappeared) and the fruit has the juiciness, crispness and flavour characteristics of the variety. The starch iodine test provides a useful guide for determining maturity of the Granny Smith. 

As maturity progresses, the fruit stalk parts more readily from its point of attachment at the spur. The seeds begin to darken with the onset of maturity, but this is an unreliable sign because in some seasons seed browning occurs well before maturity.

Even though variations in seasonal conditions lead to differences in maturity times, recording calendar dates of harvesting, and relating these to conditions in following seasons, can be a useful guide for predicting harvesting dates. Investing in a refractometer to measure sugar content and a penetrometer to measure flesh firmness is recommended (see Table 4). Observations should be recorded from 2–3 weeks before the anticipated harvest date in order to monitor the changes occurring in the fruit.

	Table 4. Objective maturity measurements for selected apple varieties (long-term storage)

	Variety
	Starch
	°Brix
	Pressure (kg)
	Comments

	Gala and strains
	2.8
	>12.5
	6.9–8.9
	120 days after full bloom, about 1 week before Jonathan. May need to pick over more than 1–3 times, with the first pick as colour changes from green to green-yellow. Ground colour is the best guide. This coincides with an increase in sugar and a decrease in firmness.

	Jonathan
	Changes from 2.5 to 4.5 at maturity
	>11.5
	6.0–6.9
	Ground colour changes from green to yellow-green. Sugar content is not a reliable indicator.

	Golden Delicious
	2.5 at maturity
	>11.8
	6.5–8.0 
	At maturity, starch and firmness changes up to 2 weeks before sugars at 13° brix.

	Jonagold
	3
	>13.0
	6.4–6.8
	Colour changes quickly at maturity, mid-March, before Delicious.

	Bonza
	3.5
	>12
	6.5–7.0
	After Jonagold.

	Red Delicious
	1–1.5
	>10
	6.6–8.2
	For long storage only. Allow higher sugar content for immediate marketing.

	Fuji
	3-4
	>13.0
	6.0–9.0
	Approximately 174 days after full bloom. Ground colour is light green or green-yellow. Monitor for water core.

	Braeburn
	2
	>11.5
	7.1–9.2
	Matures about 17 days after Delicious. May need to pick over one or two times.

	Granny Smith
	2–3
	>11.5
	6.6–8.0
	DPA (diphenylamine) dipping is required to reduce scald, lenticel injury and calyx cavity burn.

	Pink Lady
	2–3
	>14.0
	7.5–9.5
	Matures 208 days after full bloom, mid-April to early May, end of April to early May in cool districts. Ground colour is light green to green-yellow, and clearing of starch from the core. Use minimal rates of DPA. Do not dip at rates used for Granny Smith or Lady Williams.

	Sundowner
	2–3
	>12.0
	7–8
	Matures 227 days after full bloom, early to mid-May, 2 weeks after Pink Lady. Ground colour is green to green-yellow. Do not use DPA.


Picking
Instruction and supervision of inexperienced staff is an important aspect of management because apples bruise easily despite their firm texture, and bruising may lead to severe discounting in the marketplace.

Avoid injury to fruit during picking by ensuring that: 

1. pickers do not have long fingernails; 

2. there is no grit or rubbish in picking bags and bins, and bins do not have rough internal surfaces; 

3. fruit is carefully placed, not dropped, into the picking bags; 

4. fruit is transferred gently from bags into bins; 

5. fruit is not bruised by pickers who lean across the top of ladders; 

6. fruit is not exposed to hot sunlight for long periods—this can damage the fruit and will lengthen the time it takes to remove field heat if apples are later cool-stored. 

	Fruit must be picked gently, and fingernails kept short.
	Apples must be handled carefully at all stages to prevent bruising.
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Post-harvest handling and cool storage
Fruit is alive. Its progressive maturation on the tree continues after harvesting and throughout its life until senescence. These days practically all apples are harvested into bulk bins, which usually hold about half a tonne. Although some growers market their crops ‘off the tree’, most growers cool-store part of their crop for marketing later.

It is particularly important that fruit intended for lengthy periods of storage be handled so that its life is prolonged. Removing field heat quickly, and cooling the fruit to storage temperature as soon as possible, is recommended.

When fruit is dipped to control superficial scald it is advisable to include a compatible fungicide for the control of post-harvest rots. After dipping and draining, the fruit is cool-stored. It may be left in the bins for its entire storage life and not be withdrawn for grading or packing until shortly before marketing.

In the past, most fruit was packed at the point of production. The packing shed was an integral part of the business, and many growers also had their own cool-storage facilities. Some of the large growers or co-operatives now operate major packing sheds and cool-store facilities. A number of smaller growers no longer do their own grading and storing, but take their fruit to a larger packhouse where the fruit can be combined as long lines of a variety and grade, which are more suitable for the supermarkets.
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Marketing
Apples are sold through a ‘free’ marketing system. There are no regulated grade standards. Fruit specifications such as maturity, and minimum fruit and grade standards, are often negotiated between the producer/packer and the buyer as part of the quality assurance program.

Fruit consigned to the city markets is mostly packaged in the Australian Traypack Carton, which holds about 18 kg. Apples consigned to wholesale city markets are sold through agents or merchants, who arrange sales on behalf of the consignee. In NSW, a lot of fruit is also transported to the Sydney wholesale markets in bulk bins; 300 kg and 600 kg bulk bins are usually consigned directly to supermarkets, regional markets and wholesalers.

These cartons have been correctly packed. Overfilling results in bruising; underfilling often leads to excessive movement of the fruit and appears to the buyer to be poorer value.

Only a very small proportion of the apple crop is exported annually. It is in the long-term interests of the industry that exporting be encouraged. New varieties such as Pink Lady and Fuji are opening up new markets in both Europe and Asia.
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