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Chapter 1 

Introduction  

1.1 Botany of the macadamia 

The macadamia industry is based on two species, Macadamia integrifolia (Maiden 

and Betche) and M. tetraphylla (Johnson).  Both species are endemic to eastern 

Australia and grow at the margins of rainforests.  The natural ranges of the two 

species overlap near the boundary between NSW and Queensland.  From here, the 

range of M. integrifolia extends northwards to Maryborough (25°S) while the range of 

M. tetraphylla extends southwards to the Richmond River Valley around Lismore 

(29°S) (Gross 1995).  The two species readily hybridise, and the commercial varieties 

are comprised of pure species and hybrid selections.  

Macadamia is an evergreen tree that grows to 18 m (Cull 1983).  It lacks a 

strong central leader, and tends to have several co-dominant leaders instead.  These 

leaders support numerous secondary and higher order branches.  Where the canopy is 

well-lit, the branches support a heavy covering of leaves. Maximum leaf densities are 

in excess of 400 leaves per cubic metre (Olesen et al. 2011) and measured orchard 

leaf area index was 10.4 (McConchie et al. 1999), which is around twice the higher 

estimates reported for apple (Jackson 1980) .  

The canopies grow by repeated flushes of new shoots, each shoot comprising 

several leaves and internodes.  The time between successive flushes depends on the 

prevailing environmental conditions (Wilkie et al. 2009a). 

The flowers of macadamia are borne on racemes, with up to several hundred 

flowers per raceme.  The racemes tend to form at ~40–140 cm from the edge of the 
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canopy, depending on cultivar and season, on heavily shaded, weaker branches (Salter 

et al. 2005a; Wilkie et al. 2009b; Olesen et al. 2011) that are generally at least 2 years 

old (Nagao et al. 1994; Wilkie et al. 2009b; Olesen et al. 2011).  Cool temperatures 

induce flower initiation.  In Australia, emerging racemes are generally visible from 

mid autumn (Moncur et al. 1985) to early spring (Olesen 2005), although out of 

season raceme production also occurs (Stephenson and Trochoulias 1994). 

Peak anthesis tends to occur in the spring.  After anthesis, unfertilised flowers 

are shed for about 3 weeks, and many of the young fruit are shed for about 10 weeks.  

The fruit remaining after this time tend to grow to maturity (Sakai and Nagao 1984; 

Trueman and Turnbull 1994). 

The fruit of macadamia is a follicle, consisting of a pericarp (husk) enclosing a 

seed with a thick hard testa (shell) surrounding an edible embryo (kernel) (Hartung 

and Storey 1939).  Commercially the seed is referred to as a nut.  

1.2 Cultivation 

Macadamia was introduced into Hawaii in 1881 and commercially developed in the 

1930s (Gregory 1987).  In Australia, significant commercial development did not take 

place until the 1960s but large scale expansion quickly followed (Gregory 1987) and 

today Australia is currently the largest producer, followed by South Africa and then 

the USA (Hawaii).  Together these countries account for 75%–80% of world 

production (Becker and Lee 2008).  In Australia, the main production areas are in 

northern New South Wales and south-east Queensland with New South Wales 

accounting for 58% of total production (Australian Bureau of Statistics 2011).  
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As a result of the large tree size and dense canopy of macadamia, mature 

orchards are often heavily shaded, with average transmittance to the orchard floor of 

6% or less of full daylight (McFadyen et al. 2004).  In these orchards, the heavily 

shaded lower and central parts of the canopy become unproductive and an ongoing 

view has been that this results in substantial yield decline.   

Ideally, the trees should be grown on mounded rows, with the rows separated 

by well-lit inter-rows.  Such a design has many advantages.  Macadamia nuts are 

harvested from the ground at approximately monthly intervals from autumn through 

to spring, but the harvest machinery can be used only on relatively dry ground.  Open 

inter-rows provide good ventilation, allowing the orchard floor to dry out quickly 

after rain events, and for harvest schedules to be maintained.  This is important 

because nut quality declines when nuts lie for extended periods on damp ground 

(Quinlan et al. 2008).  

Another advantage is that the open inter-rows allow ground-cover to grow on 

the orchard floor.  Macadamia tends to be grown in high rainfall areas, and the soil 

erosion beneath large trees in crowded orchards can be severe.  Over 3 years the 

measured soil loss from a bare orchard floor was 5.7 tonnes per hectare (Reid 2002).  

With mounded rows, the inter-rows act as channels for run-off, and the ground-cover 

prevents scouring, and acts as a trap for moving soil. 

Further advantages include more efficient spraying of trees for pests and 

diseases and foliar fertiliser applications; simpler, safer tree-husbandry; and easier 

pest-monitoring. 
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To maintain an open inter-row, canopy management strategies to keep trees 

small and productive are required. 

1.3 Approaches to canopy management research 

Until the early 21st century, macadamia canopy management research was largely 

directed towards the assessment of methods of tree size control being used within the 

industry.  These methods had been adopted out of convenience or at face value from 

practices used in other crops. 

In the past 10 years there has been a change towards a more physiological 

approach to canopy management research.  The general motivation was that a better 

understanding of the crop and interactions with pruning would allow for the more 

strategic application of canopy management options.  A range of approaches was 

employed.  Huett (2004) was largely interested in whether canopy management 

principles important to temperate fruit trees might also be important to macadamia, 

especially a uniform distribution of light throughout the canopy.  Olesen (2005) was 

interested in the parallels between macadamia and other evergreen, recurrent flushing 

trees, notably lychee and mango, especially in relation to the manipulation of 

flowering.  Wilkie et al. (2009a, 2009b) were also interested in the manipulation of 

flowering, in particular the characteristics of flowering stems and how production of 

such stems could be increased by pruning. 

This work straddles the two phases of canopy management research: it 

includes empirical assessments of canopy management methods and more 

physiologically-based assessments of the effects of pruning on fruit set. 
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1.4 Thesis structure 

The work on the canopy management of macadamia commenced in 1994, in a 

collaborative project between NSW Agriculture (now NSW Department of Primary 

Industries) and CSIRO.  Early work was largely concerned with characterising the 

perceived yield decline in mature macadamia orchards, and assessing the effects of 

tree removal and side-hedging.  The main conclusions from this work were that there 

was some evidence for yield decline, but only in a very crowded orchard, intercepting 

more than 94% of the available daylight (McFadyen et al. 2004); and that the canopy 

management methods tested caused a decrease in yield, when integrated over several 

seasons (McFadyen et al. 2005). 

Subsequent work to this study is the subject of this thesis.  The first part of this 

work, presented in Chapter 2, is an extension of the earlier work.  Evidence of yield 

decline was further investigated because the evidence for decline in the earlier work 

depended heavily on the results from a single site.  The research also continued to 

assess the effects of canopy management methods including side-hedging, top-

hedging (topping) and different forms of selective limb removal.  The results largely 

support the results from the earlier work, with further evidence for yield decline in 

crowded orchards, and decreases in yields generally following pruning. 

Side-hedging is the most widely used method of tree size control in the 

Australian macadamia industry.  It cheaply and effectively maintains the inter-row 

space but the reduction in yield in the studies referred to above was significant.  The 

thinking was that a better understanding of the physiological basis for the reduction 

might help in the development of methods to mitigate the losses. 
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Trees are usually side-hedged after harvest in early spring during flowering.  

Growers have preferred this time to avoid interfering with harvest and to maximise 

the opportunity for trees to compensate for flowers and fruitlets removed, by 

increasing set on the remaining racemes (Wilkie 2009).  Two hypotheses for the 

reduction in yield following hedging were that it relates to the reduction in 

photosynthetic capacity caused by the loss of canopy, or that it results from 

competition between the post-hedging flush of new vegetative growth and early fruit 

development.  These hypotheses were tested in the experiments described in Chapter 

3.  Both hypotheses were supported by the results, but the competition effect appeared 

to be much greater than the effect of the loss of canopy. 

Given this result, a number of strategies for reducing the effects of 

competition were investigated.  The first strategy was to change the timing of 

hedging.  The prevailing time for hedging in the industry is around anthesis in 

September.  This means that the post-hedging flush development coincided with early 

fruit development.  Experiments were conducted on the effects of hedging either 

earlier or later, and the results of these experiments are presented in Chapter 4.  Later 

hedging such that the post-hedging flush occurred after the period of early fruit drop 

gave better yields than hedging at anthesis.  Earlier hedging gave more mixed results. 

The second strategy was to use the ethylene inhibitor 

aminoethoxyvinylglycine to inhibit fruit abscission during the period of post-hedging 

flush development.  There appeared to be transient effects of the inhibitor on fruit 

abscission, but the inhibitor did not increase final fruit retention.  These results are 

presented in Chapter 5. 
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The third strategy involved trunk girdling.  Girdling elevates the 

concentrations of carbohydrates above the girdle, potentially reducing the competition 

between fruit and flush development.  It may also inhibit flush development.  This 

latter effect was also of interest as it may help control tree size as it has in other crops 

(Goren et al. 2004).  Investigations were conducted on hedged and unhedged trees in 

separate experiments.  Trunk girdling on hedged trees resulted in higher yield than for 

hedged trees without girdling, and similar final fruit retention to control trees (non-

hedged and ungirdled).  However, yield was still lower for hedged and girdled trees 

than for control trees.  Trunk girdling on unhedged trees increased yields in the first 

year, but reduced yield in the second and third years of the experiment.  Girdling 

reduced flush development in unhedged trees but there was little effect of girdling on 

flush development in hedged trees.  These results are presented in Chapter 6.   

In Chapter 7, the results from the thesis are discussed in the light of the results 

of others to provide an up to date guide to the canopy management of macadamia 

trees. 

Some of the work in the thesis has already been published.  Chapter 3 was 

published in Annals of Botany (McFadyen et al. 2011); Chapter 4 in Functional Plant 

Biology (McFadyen et al. 2012a); and Chapter 5 in Scientia Horticulturae (McFadyen 

et al. 2012b).  Chapter 2 has been accepted for publication in HortTechnology. 


