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Foreword 

Cyclones across northern Australia have caused hundreds of millions of dollars’ worth of 
damage to tropical primary industries over the past several decades. Industries affected 
include the tropical tree crop industries (e.g. banana, lychee, rambutan, durian, 
mangosteen, jackfruit, macadamia and avocado), the forestry industry (e.g. eucalypt, pine 
and teak) and animal based industries (e.g. beef, dairy,pork, chicken and aquaculture). 
Without significant changes to production practices, the threat of increasing cyclonic activity 
as a result of climate change places the economic viability of these primary industries, the 
employment opportunities and the rural communities they support in jeopardy. 

 

This research project has identified a number of production practices that can be 
implemented by producers to mitigate the damage caused by cyclonic winds to their farming 
enterprises. Many of these can be implemented on existing farms while others can be 
incorporated when developing new farms. These include the use of trellising, alternative 
nursery practices for propagation and plant establishment, emergency defoliation, back up 
and alternative power sources, increased storage capacity of fuel, feeds and medicines, 
establishment of wind resistant windbreaks and the use of multi-peril and parametric 
insurance products when available. 

 

By adopting the new and innovative management practices identified in this report the 
capacity or resilience of these tropical primary industries to withstand cyclonic winds with less 
damage in the future will be enhanced. This will reduce the economic impact of cyclones to 
these industries and the rural communities they support. 

 

The new production practices developed are applicable to a broad range of industries and 
growing regions across northern Australia and other regions of the world. 

 

This five-year project received a total of $687,000 funding from AgriFutures Australia and 
$399,000 in direct and $913,000 in indirect funding from the Queensland Department of 
Agriculture and Fisheries. 

 

This report for the Emerging Industries RD&E program is an addition to AgriFutures 
Australia’s diverse range of over 2000 research publications. AgriFutures Australia’s work in 
the Emerging Industries arena aims to establish viable and sustainable rural industries. 

 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at www.agrifutures.com.au. 

 
 
 

John Harvey 
Managing Director 
AgriFutures Australia 

http://www.agrifutures.com.au/
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Executive Summary 

What the report is about 
 

Research was conducted to identify production practices that could be used by primary 

producers to reduce the impacts that cyclones have on their businesses. Cyclonic winds 

have caused hundreds of millions of dollars’ worth of damage to a broad range of primary 

industries in northern Australia. Some existing and some new and innovative production 

practices have been developed which if adopted by industry will reduce the impact of 

cyclones, increasing their resilience. 

Who is the report targeted at? 

The findings of this report are primarily targeted at the tropical tree crop industries (e.g. 

lychee, rambutan, durian, mangosteen, jackfruit, macadamia and avocado), the forestry 

industry (e.g. eucalypt, pine and teak) and animal based industries (e.g. beef, dairy, pork, 

chicken and aquaculture) located in coastal regions of northern Australia. By adopting the 

new and innovative management practices identified in this report the capacity or resilience 

of these industries to withstand cyclonic winds with less damage in the future will be 

enhanced. This will reduce the economic impact of cyclones to these industries and the rural 

communities they support. 

The new production practices developed are also applicable to tropical regions in other parts 

of the world impacted by cyclones and other production areas impacted by strong winds 

during severe storms. 

Background 
 

Cyclonic winds across northern Australia have caused hundreds of millions of dollars’ worth 

of damage to tropical primary industries over the past several decades. Industries affected 

include the tropical tree crop industries (e.g. lychee, rambutan, durian, mangosteen, jackfruit, 

macadamia and avocado), the forestry industry (e.g. eucalypt, pine and teak) and animal 

based industries (e.g. beef, dairy, pork, chicken and aquaculture) located in coastal regions 

of northern Australia. Repeated damage from cyclonic winds is threatening the economic 

viability of some of these industries. With the threat of increasing cyclonic activity as a result 

of climate change, the economic sustainability of some of these primary industries, the 

employment opportunities and the rural communities they support are in doubt without 

significant changes to production practices. Many of these industries have identified reducing 

the impacts of natural disasters on their businesses as a high priority area for work in their 

strategic plans. 

Aims/objectives 
 

Identify a range of new and innovative production practices that can be used by a range of 
primary industries to mitigate the damaging effects of cyclonic winds to their farming 
enterprises:- 

 

– develop a windbreak species list for cyclone prone areas 

– detail nursery techniques for the rapid multiplication and production of plants with 
better root systems 

– determine the suitability of emergency defoliants and pruning to reduce canopy 
wind resistance 
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– assess the productivity and the costs of production of trellising systems for a 
range of tropical tree crops 

– detail management options for a range of animal based industries that could be 
implemented to reduce the impacts of cyclonic winds on their businesses 

– investigate the range of crop/animal insurance products available and how 
access to these plans would be affected by changes to production practices. 

 

 
Methods used 

 

The project team collected information on cyclone mitigation strategies used by various 

industries and conducted research on grower’s properties and government research stations 

to identify and develop production practices which could be implemented by various primary 

industries to minimise the impacts that cyclonic winds have on their businesses. Trellis trials 

were established to assess the suitability and productivity of a range of tropical tree crops 

grown on different trellis systems. Information was used to make an economic assessment of 

trellis versus conventional production. 

Nursery trials were conducted to develop rapid multiplication methods for a range of tropical 

tree crops and to produce nursery planting material better able to resist uprooting. Defoliation 

trials on a range of fruit and forestry trees were conducted to determine if this practice could 

be used to reduce canopy wind loads to reduce the damage caused by cyclonic winds. 

Information on trees susceptibility to cyclone damage from post cyclone reports, grower and 

researcher observations allowed a list of wind resistant species suitable for establishing 

windbreaks to be developed. Landline consulting provided the analysis of cyclone mitigation 

strategies that are used and could be used in the animal production Industries. An 

assessment of the range of insurance products available and their suitability for cyclone risk 

mitigation and a survey of primary producers’ insurance knowledge and needs was 

conducted. 

Workshops were held during the project to update industries on project findings and 

outcomes. 

Results/key findings 
 

This research project identified a number of production practices that can be implemented by 

producers to mitigate the damage caused by cyclonic winds to their farming enterprises. 

The research has shown that many tropical fruit tree species ranging in vigour, flowering 

habit and size are amenable to being grown on trellis. Management guidelines on training, 

pruning, plant spacing and trellis specifications for a range of crops are given. Chapters 

outlining the considerations in determining the suitability of a tree crop for trellis production 

and the design specifications of a trellis structure in a cyclone prone region are presented. 

The economic analysis conducted indicates that the high early yields and estimated yields in 
full production found for custard apple, guava, mango, longan, cocoa, durian, carambola 
and star apple, justify the additional capital costs of trellising and the high labour 
requirements for plant establishment. The economics of trellising are further bolstered when 
the risk of cyclones is taken into account and also if the trellis frame is used to support nets 
rather than having to set up a separate netting structure. An economic decision tool 
developed allows producers to determine if trellising will be economic for their own 
circumstances. The findings suggest that trellising may provide a solution to growing a 
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productive, economically sustainable tropical fruit industry in cyclone prone areas of Northern 
Australia and other regions of the world. 

The project has shown the susceptibility to uprooting of newly established fruit trees can be 

reduced by establishing nursery plants in deep pots with anti-spiralling and root pruning 

features and a good depth/diameter ratio. Propagation trials have identified methods to 

rapidly and cheaply multiply a number of tropical fruit species using cuttings. This will 

improve the availability of planting material and reduce the costs which will greatly aid the re- 

establishment of these industries following cyclone damage. 

Where trellising is not being used (e.g. existing orchards, forestry plantations), defoliating 

trees was found to be an effective technique to reduce the wind forces on a trees canopy, 

potentially protecting them from cyclone damage. A 5% ethrel plus 3% urea mix was effective 

at causing defoliation in the short time frame required prior to impact for many, but not all 

species tested. A paint, lime and water mix was found effective to prevent sunburn following 

defoliation. For the species where chemical defoliation doesn’t work mechanical pruning 

could achieve a similar outcome. Following defoliation trees recovered to full production 

within two to three years. 

A list of wind resistant species suitable for establishing a windbreak along with information on 

designing an effective windbreak in a cyclone prone region is presented. 

A study of agricultural insurance highlighted the lack of affordable plans for managing the risk 

of cyclone damage to primary industries domestically. The insurance sector, working closely 

with industry, is currently developing multi-peril and parametric based insurance products 

which could be offered to primary industries affected by cyclones. The survey found that 

while 80% had comprehensive general-property insurance cover only 4% had insurance 

cover for their crops against windstorm or cyclonic events. Nearly 75% of growers agreed 

there was a need/great need for multi-peril crop insurance, 80% had little to no knowledge 

about index-based weather insurance. There is sufficient evidence to suggest that crop 

insurance could be better advertised to growers in north Queensland. 

Cyclone mitigation strategies identified in the animal based industries included alternative 

and backup power sources, improved and increased storage capacity for fuel, feed and 

medicines, improvements to farm infrastructure including animal housing, sheds and farm 

access points, removal of large trees and replaced where necessary with artificial shade and 

changes in stock management. The potential for innovative fencing and animal identification 

methods in the future are also discussed. 

Workshops were held at South Johnstone Research Station and cooperative growers trial 

sites during the project to update industries on project findings and outcomes. Around 40 

primary producers attended these workshops. 

It is anticipated that the adoption of the recommendations in this report will reduce the 
impacts that severe cyclones have on primary industries and increase the industries 
resilience. This will reduce the economic impact of cyclones to these industries and the rural 
communities they support. 

 

Implications for relevant stakeholders 
 

Adoption of new production practices identified in this project will reduce the economic 
impact on, and improve the resilience of tropical primary industries against the damaging 
effects of cyclones, improving their economic sustainability even with the threat of increasing 
cyclonic activity as a result of climate change. Improving industries cyclone resilience would 
also improve the reliability of production, reducing the risks associated with primary 



ix  

production in cyclone prone regions making access to finance and insurance cover easier. 
This will contribute to the further development and expansion of existing and new and 
emerging industries. This will provide economic and employment opportunities in rural 
communities, which in turn will contribute toward the local, state and national economy. 

 

Recommendations 
 

It is recommended that primary producers incorporate, where possible, the changes in 
production practices identified in this report. Many of the findings can be applied to existing 
operations while others will be more applicable when setting up new orchards or facilities. 
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Introduction 

Recent cyclonic events across northern Australia have caused significant damage to tropical 

primary industries including tropical tree crop industries (e.g. lychee, rambutan, durian, 

mangosteen, jackfruit, macadamia and avocado), the forestry industry (eucalypt, pine and 

teak) and animal based industries (beef, dairy, pork, chicken and aquaculture). With the 

threat of increasing cyclonic activity as a result of climate change the economic viability of 

these primary industries, the employment opportunities and the rural communities they 

support are in doubt without significant changes to production practices. 

Several of the tree crop industries have identified minimizing the effects of cyclonic winds 

through changed production practices as a priority in their strategic plans. Severe damage 

can result in total destruction of an orchard or production losses for several years in some of 

these industries. Surviving trees often require major structural pruning which disrupts normal 

flowering and fruiting patterns. Branch and root damage increases the trees susceptibility to 

pests and diseases and often damaged trees die over subsequent years. In animal based 

industries cyclonic winds can cause fence damage, animal identification issues, damage to 

animal housing, power disruption affecting milking, heating/cooling, aeration, feeding and 

other welfare issues. 

The project was developed in consultation with industry to identify production techniques 

which help to mitigate the damaging effects of cyclonic winds and develops new and 

innovative production practices to increase the capacity of these tropical primary industries to 

withstand cyclonic winds into the future. Research was conducted over five years on 

growers’ properties and Government research stations. 

By adopting the new and innovative management practices identified in this report, the 

cyclone resilience of many primary industries will be enhanced, reducing the economic 

impact of cyclones to their businesses and the rural communities they support. 
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Objectives 

Identify production techniques across a range of tropical primary industries which mitigate 
the damaging effects of cyclonic winds. 

 

Develop a range of new and innovative production practices (cultural and mechanical) that 
can be used by growers to protect their farming enterprises from damaging cyclonic winds; 

 

– develop a windbreak species list 

– detail nursery techniques to ensure healthier plants with better root systems 

– determine the suitability of emergency defoliants and pruning to reduce canopy 
wind resistance 

– assess the productivity and the costs of production of trellising systems for a 
range of tropical tree crops 

– investigate the use of other support mechanisms to increase the trees capacity to 
withstand cyclonic wind 

– detail management options in terms of fencing design, animal identification and 
welfare issues that could be implemented in animal based industries to reduce 
the impacts of cyclonic winds 

– develop relevant extension materials in conjunction with growers and run 
workshops to ensure project outcomes are widely disseminated throughout the 
industry 

– determine what types of crop/animal protection insurance plans are available and 
how access to these plans would be affected by changes to production practices. 
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Methodology 

The research team used their extensive experience in a broad range of research fields, 

literature searches, consultations with primary producers as well as the findings from the 

“Lessons Learned from Cyclones in Northern Australia” final report (Sorensen 2013) to 

identify production techniques which help mitigate the damaging effects of cyclonic winds 

and develop new and innovative production practices to increase the capacity of tropical 

primary industries to withstand damage from cyclonic winds. Key aspects of production 

were identified for research.  Research was conducted over five years on growers’ 

properties and Government research stations. 

Trellis trials were established to examine the suitability of a range of tropical tree species for 
trellising. Information on management requirements, tree training methods, labour 
requirements and tree performance was collected. James Cook University Cyclone Testing 
Centre provided expert advice on trellis design and strength requirements. 

 

Information from growers using trellising and from the trellis trials was used to conduct an 

economic analysis of a trellis versus conventional production systems. An economic decision 

tool was developed to allow producers to determine the economics of trellising for their own 

situation. 

Nursery propagation trials were conducted to develop rapid multiplication techniques for a 

range of tropical tree species to reduce the costs and increase the availability of planting 

material to speed up the recovery of tropical tree crop industries following damage from 

severe cyclones. 

Nursery trials also evaluated the effect of different pot designs on a trees root/shoot ratio 

prior to planting and the rooting stability or resistance to uprooting in cyclonic winds post 

planting. 

Information on trees susceptibility to cyclone damage from post cyclone reports, growers and 
researchers observations was used to compile a list of wind resistant species suitable for 
establishing windbreaks in cyclone prone areas as well as identify the design features 
important for cyclone resilient windbreaks. 

 

Research trials were conducted to assess the potential of using defoliation in a range of fruit 

and forestry tree species to lower canopy wind loads to reduce the damage caused by 

cyclonic winds. The recovery times following defoliation were also assessed. Suitable sun 

protectants to prevent sunburn after defoliation were tested. 

 

Landline Consulting provided an analysis of cyclone mitigation strategies that are 

used and could be used in the animal production Industries. An assessment of 

insurance products available and their suitability for cyclone risk mitigation was 

undertaken and a survey of primary producers’ insurance knowledge and needs 

was conducted. Workshops were held during the project to update industries on 

project findings and outcomes. 

More detailed experimental design is provided in each chapter. 
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Chapter 1. Trellis Performance Trials 

Introduction 

Trellising is a production technique that has been used extensively for several decades in the 
cultivation of temperate fruit trees in Australia and overseas. Over this time extensive 
research trials, producers’ experiences and observations using trellising, and trial and error 
have allowed management practices to be refined for a large number of species. The most 
suitable trellis designs (V Tatura), T, fence) and training techniques (espalier, fan, multiple 
leader) to maximise production, fruit quality and economic returns for each fruit species have 
been determined over this time. In contrast trellis production in sub-tropical and especially 
tropical tree crops is almost non-existent and as a consequence little is known as to their 
suitability for trellising. 

 

Tropical fruit producers had contemplated the use of trellising in their production systems for 
many years, however it was not until the destruction of their fruit orchards following recent 
severe cyclones that some innovative exotic tropical fruit producers started to trial trellis 
production of tropical fruit trees. Trellising in this case was being used primarily as a form of 
crop insurance against future cyclone damage. Five years after these initial trellis trial blocks 
were established the same region was impacted by another severe tropical cyclone. The 
trellised trees survived the cyclonic winds with relatively little damage especially when 
compared to the conventionally planted free standing trees established at the same time. 
The small amount of damage sustained recovered quickly which allowed the trees to get 
back into production rapidly following the cyclone. This compared to years to recover where 
serious damage had occurred without trellising, and up to 10 years where trees were 
destroyed and had to be replanted. The trellis wires provide support to the stems and 
branches which protects them from breaking as well as stopping the trees swaying back and 
forth violently, preventing uprooting. The support provided by the trellis wires prevents the 
wind from getting any purchase on the trees because their movement is restricted which 
means they cannot be flexed, twisted or bent enough to break or uproot them. 

 

For trellising to be recommended more widely as a long term sustainable production strategy 
for tropical fruit production as opposed to conventional planting systems, the additional 
capital costs of establishing a trellised orchard as well as providing a form of insurance 
against future cyclone damage will need to demonstrate economically sustainable yields and 
costs of production over an extended period of time for each species grown. If successful, 
trellising may be the solution to growing a productive, economically sustainable tropical fruit 
industry in cyclone prone areas of northern Australia and other regions of the world. 

 

Although some information on management practices and rough guidelines for trellising 
tropical trees may be able to be adapted from the experiences in the temperate fruit 
industries, it is more than likely that these tropical species will require their own management 
techniques. Some information for tropical species may also be gleaned from the earlier 
grower trellising trials in North Queensland although this was limited to a small number of 
species, trellis designs and training methods. 

 

In order to determine the suitability of tropical tree crops for trellis production a broad range 
of species with different vigour, growth and flowering habits were grown on fence and Tatura 
trellises. Three trellis trial sites were set up, two on the coast (Durian trial and South 
Johnstone trial) and one on the Tablelands (Tablelands trial). Information on growth, the 
speed and ease of training the tree branches to the trellis wires, the flowering and cropping 
levels, fruit quality, pruning and other management requirements was collected. This 
information was then used to evaluate the costs of production to see if the additional costs of 
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establishing a trellised orchard can be justified from an economic point of view not just a 
protection strategy against cyclone damage (Chapter 5 and appendices). 

 
 

Tablelands Trial 

Material and Methods 
 

A trellis trial block was established on the Atherton Tablelands on a cooperative grower’s 
property near Mareeba in 2012. Trees were established on a single row of fence trellis (4 
wire x 50 cm spacing, 2 m height). Trees were irrigated with micro sprinklers, mulched, 
weeded and fertilised regularly to encourage vigorous growth. 

 

Twenty plants of six different tropical species ranging in size, vigour, growth form, flowering 
habit and position were planted on the trellis. The species trialed were star apple, guava, 
carambola, mango (varieties Honey Gold, Kensington, Keow Savoey, Maha Chanook), white 
sapote and longan (varieties Biew Kiew, Kohala). All trees were planted at a 3 m plant 
spacing which at a 3 m row width would give a plant density of 1110 plants/Ha. This row 
spacing may require specialised farm machinery. Trees of all species were trained with a 
single central leader with horizontal lateral branches on each of the wires (espalier). The 
central leader was weaved between the trellis wires and the lateral branches wrapped 
around the wires as they grew to provide additional support during cyclonic winds rather than 
just relying on the wire fasteners used in training for support. 

 

Plate 1. The fence trellis trial consisted of twenty plants of six different tropical species (Star 
Apple, Guava, Carambola, Mango, White Sapote and Longan. 

To train the trees on to the trellis wires both adjustable rubber (Ryset Easi-Ties) and hard 
plastic fasteners were used. The adjustable ties were good for variable sized branches, and 
as they are able to stretch they did not cause ring barking or break easily and could be 
reused, however they were expensive. The plastic fasteners were cheaper and they don’t 
move on the wires so they are good for holding branches into position but they are brittle and 
can cause ring barking. 

 

Trials using aqueous solutions of Dormex (5%) and Cytokinin (100 ppm IBA) sprayed on the 
branches, cincturing and notching to encourage shoot development on species where natural 
branching was poor were also conducted. 

 

Observations of growth habit, tree vigour, branching patterns, flowering, fruit quality and 
cropping levels were collected over a five-year period as the trees established and matured 
on the trellis. The aim of the trials was to determine the suitability of the different species for 
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trellis production and to provide some guidelines for growing these species on trellis. 
Information on yields (fruit number, weight and quality) and labour inputs required for pruning 
were also collected to allow the costs and benefits of trellising to be evaluated (Chapter 5 
and appendix). Yields for conventionally planted trees in full production are estimates based 
on information from commercial growers and Diczbalis (2011) and Page (1984). 

 

Carambola 
 

Vegetative Growth/Suitability 
 

Carambola trees are extremely vigorous and have good natural branching so can be quickly 
and easily established on a fence trellis. Branches are flexible and easy to bend and tie to 
the trellis wires. Vigorous growth and good branching allowed vertical (central leader) and 
horizontal (laterals) growth to be developed together. Good branching also allowed sub 
laterals to be established at regular intervals (10-15 cm) along the main lateral (Plate 2). 
This combined with the axillary flowering habit of carambola provided plenty of sites for 
flowering and cropping. 

 

Carambola trees handle the frequent pruning required for trellis without any damage and no 
disease or sunburn has been observed on trees or fruit. 

 

Plate 2. Vigorous growth and good branching allowed vertical and horizontal growth to be 
developed together. Sub laterals were established at regular intervals along the 
main lateral. 

 
 

Pruning 
 

Carambola are amenable to heavy pruning and the timing of flowering and fruiting can be 
controlled by strategic pruning (Paull and Duarte, 2011). In this trial, pruning in the first year 
was required 6 times for 4 min/tree or 56 days/ha and in the second year 6 times for 6 
min/tree or 83 days/ha. 

 

During establishment the main stem (central leader) was allowed to grow continuously to the 
top wire and then tipped. Regular branching from this central leader was used to form the 
main laterals on each of the wires, all the other shoots on the main stem were removed. The 
sub laterals on the main branches were developed in the same way, by selecting branches at 
10-15 cm intervals along the lateral to form sub laterals, all the other shoots were removed. 
The sub laterals were pruned back to 2-5 nodes while the main lateral was allowed to 
continue growing along the wire. Growth from the sub laterals became the primary site for 
flowering and cropping in the mature trees. With the low trellis height all the pruning could be 
done from the ground. 
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After the second year once the trellis wires were full, pruning was required 4 times per year 
for 5 min/tree or 46 days/ha. Trees were pruned back heavily to the established sub laterals 
(2-5 nodes) on the main branches twice each year after the main cropping periods 
(November and April) and this was followed a few months later by a lighter pruning to 
remove some excess vegetative growth from the tree being careful not to affect cropping or 
exposing the fruit to sunburn. 

 

Vigorous trees can become too apically dominant and this should be controlled by pruning 
the tops of the trees heavily. It is important to prune out any sub laterals that are too 
vigorous or vertical as they will become dominant and compete with the main lateral (Plate 
3). As a general rule as found in the temperate fruit industry each successive branch should 
only be 1/2 to 1/3 of the diameter of the branch it originates from to avoid it from becoming 
too dominant. 

 

It took the trees only 2 years to fill the 4 wires on the 2 m high fence trellis at the plant 
spacing of 3 m. 

 

Plate 3. Sub laterals that are too vigorous or too vertical should be pruned out. 

Flowering/Cropping 
 

Carambola flower from axillary buds from wood of various ages from 0-2 years, therefore the 
timing of pruning is not critical. Once the main laterals are established on the wires the trees 
can be pruned back to the sub laterals and the new wood from these will bear flowers and 
fruit. 

 

The trees had two main cropping periods, the largest from February to April and a lighter 
crop from September to November. Trees started cropping in the second year (Plate 4), the 
average fruit number, weight and yield of trees for each year of the trial is shown in Table 1. 
The figures show that the yield per hectare of the trees growing on trellis reach those of 
conventionally planted trees in full production in the third year and then increase to around 
double the yield in the next two years. 
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Plate 4. Carambola trees started cropping in the second year. 

 
 

Table 1. The average fruit number, weight and yield of Carambola trees (average of 20 trees) 
growing on a fence trellis and when planted conventionally. 

 

 
 

Year 

 
 

2 

 
 

3 

 
 

4 

 
 

5 

 

Conventional 
full production 
(400 trees/ha) 

Number of 
fruit/tree 

 
30 

 
130 

 
210 

 
225 

 
- 

Average fruit 
weight (g) 

 
150 

 
150 

 
150 

 
150 

 
150 

 
Yield (kg/tree) 

 
4.5 

 
18 

 
31.5 

 
34 

 
45 

Yield (t/ha) 
(at 1110 trees/ha) 

 
5 

 
20 

 
35 

 
38 

 
18 

 
 

The trees on the short fence trellis form a narrow two dimensional plane which makes 
spraying, fruit thinning and harvesting quick and easy (Plate 5). With the good light 
distribution, open canopy, good spray coverage and some fruit thinning, fruit quality was 
excellent with well sized, clean and unmarked fruit with no sunburn. 
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Plate 5. The trees on the short fence trellis form a narrow two dimensional plane which makes 
spraying, fruit thinning and harvesting quick and easy. 

 

 
Trellis Spacing 

 

The ideal spacing between trees on this 4 wire, 2 m high fence trellis is approximately 3 m. 
At a 3 metre row spacing, this results in a plant density of 1110 plants/ha. In this trial the 
trellis wires were spaced 50 cm apart, however because the fruit is held on short stems it is 
recommended to place the wires at 40 cm intervals after the first wire, this would allow a fifth 
wire to be run with a trellis height of 2.1 m. This spacing is far enough apart for fruit to be 
held on short sub laterals clear of the wire below. 

 

Guava 
 

Vegetative Growth/Suitability 
 

Guava trees (Thai White) are extremely vigorous and have good natural branching so they 
can be quickly and easily established on a fence trellis. Branches are flexible and easy to 
bend and tie to the trellis wires. Vigorous growth and good branching allowed vertical 
(central leader) and horizontal (laterals) growth to be developed together. Good branching 
allowed sub laterals to be established at regular intervals (15 cm) along the main lateral. 
This combined with the axillary flowering habit of guava produced plenty of sites for 
flowering and cropping. 

 

Guava trees handled the frequent pruning without any damage or sunburn on stems or fruit. 
Suckering from the main stem and roots was a problem due to full sunlight reaching the stem 
as a result of the regular pruning. Tree guards may reduce exposure to sunlight. 

 

Pruning 
 

Pruning in the first year was required 6 times for 6 min/tree or 83 days/ha and in the second 
year 5 times for 5 min/tree or 58 days/ha. During establishment the main stem (central 
leader) was allowed to grow continuously to the top wire and then tipped. Regular branching 
from this central leader was used to form the main laterals on each of the wires, all the other 
shoots on the main stem were removed. The sub laterals on the main branches were 
developed in the same way, by selecting branches at 10-15 cm intervals along the lateral to 
form sub laterals, all the other shoots were removed (Plate 1). The sub laterals were pruned 
back to 2-5 nodes while the main lateral was allowed to continue growing along the wire. 
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Growth from the sub laterals became the primary site for flowering and cropping in the 
mature trees. 

Plate 1. Vigorous growth and good branching allowed vertical and horizontal growth to be 
developed together. Sub laterals were established at regular intervals along the 
main lateral. 

After the second year once the trellis wires were full, pruning was required 4 times per year 
for 4 min/tree or 37 days/ha. Trees were pruned back heavily to the established sub laterals 
on the main branches twice each year after the main cropping periods (spring and late 
summer) this was followed each time by a lighter pruning a few months later to remove some 
excess vegetative growth being careful not to affect cropping or exposing the fruit to sunburn. 
With the low trellis height all the pruning could be done from the ground. 

Tree vigour in guava was well controlled by pruning the trees to the trellis and the large crop 
loads. There were no signs of trees becoming apically dominant and none of the sub laterals 
ever became excessively vigorous. It took the trees only 2.5 years to fill the 4 wires on the 2 
m high fence trellis at the plant spacing of 3 m. 

 

Where laterals didn’t develop naturally or in the correct position, both notching and Dormex 
(5%) were effective at stimulating axillary bud development (Plate 2). 

 

Plate 2. Dormex (5%) was effective at stimulating axillary bud development. 
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Flowering/Cropping 
 

Guavas flower from axillary buds predominantly on new wood and therefore pruning times 
are not critical and can be used strategically to control periods of fruit production (Nakasone 
and Paull, 1998). Once the main laterals were established on the wires the trees were 
pruned back to the sub laterals (2-5 nodes) and the new wood that developed from these 
flowered and fruited. 

 

The trees produced fruit all year around with peaks in late summer and spring. The trees 
started cropping in the second year (Plate 3). The average fruit number, weight and yield of 
trees for each year of the trial is shown in Table 1. The figures show that the yield per 
hectare of the trees growing on trellis up to 50 % greater those of conventionally planted 
trees in full production from the third year onward. 

 

Plate 3. Guava trees started cropping in the second year. 

 
 

Table 1. The average fruit number, weight and yield of Guava trees (average of 20 trees) 
growing on a fence trellis and when planted conventionally. 

 

 
 

Year 

 
 

2 

 
 

3 

 
 

4 

 
 

5 

Conventional 
full production 
(400 trees/ha) 

Number of 
fruit/tree 

 
20 

 
120 

 
200 

 
225 

 
- 

Average fruit 
weight (g) 

 
400 

 
350 

 
180 

 
175 

 
180 

 
Yield (kg/tree) 

 
8 

 
42 

 
36 

 
39 

 
50 

Yield (t/ha) 
(at 1110 trees/ha) 

 
9 

 
47 

 
40 

 
43 

 
30 

 
 



- 12  
-  

With the good light distribution, open canopy, ease of spraying and thinning, fruit quality was 
excellent with well sized and very clean fruit with no sunburn. Some styler end rot was 
observed on large fruit which is thought to be due to a calcium deficiency associated with the 
heavy crop loads. 

 

Trellis Spacing 
 

The ideal spacing between trees on this 4 wire, 2 m high fence trellis is approximately 2.5 m 
rather than the 3 m spacing used in this trial. At a 3 m row spacing this gives a plant density 
of 1330 plants/ha. In this trial the trellis wires were spaced 50 cm apart, however because 
the fruit is held on short stems it is recommended to space the wires 40 cm apart after the 
first wire, this would allow a fifth wire to be run with a trellis height of 2.1 m. This spacing is 
far enough apart for fruit to be held on short sub laterals clear of the wire below. 

 

Longan 
 

Vegetative Growth/Suitability 
 

Longan has vigorous vegetative growth and can be established reasonably easily and 
quickly onto a fence trellis. Trees generally have good natural branching allowing vertical 
(central leader) and horizontal (laterals) growth to be developed together. The variety Biew 
Kiew was more suited to trellising than Kohala because it had shorter internodes and a 
denser branching habit making it easier to develop all of the main and sub laterals in the 
correct positions (Plate 1). For Longan varieties where branching is poor e.g. Kohala it may 
be necessary to establish vertical and lateral growth separately. 

 

Plate 1. Poor branching in the variety Kohala made it more difficult to develop the main and 
sub laterals in the correct positions. To establish missing laterals, sub laterals from 
lower branches were used. 

 

 
Over time the trunk and branches grew over the wires giving the trellis structure extra 
strength. Longan trees handled the frequent pruning without any damage or sunburn on the 
stems or fruit. 

 

Pruning 
 

Pruning in the first year was required 4 times for 5 min/tree or 42 days/ha and in the second 
year, 4 times for 8 min/tree or 67 days/ha. During establishment the main stem (central 
leader) was allowed to grow continuously to the top wire and then tipped. Regular branching 
from this central leader was used to form the main laterals on each of the wires, all the other 
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shoots on the main stem were removed. The sub laterals on the main branches were 
developed in the same way, by selecting branches at 10-20 cm intervals along the lateral to 
form sub laterals, all the other shoots were removed. The sub laterals were pruned back to 3- 
4 nodes while the main lateral was allowed to continue growing along the wire. Growth from 
the sub laterals becomes the primary site for flowering and cropping in the mature trees. 

 

When vertical and lateral growth are developed separately the shoot tip of the main upright 
(central leader) is removed at the height of each wire as it grows. When the new shoots 
emerge, two are laid down as the laterals and a third is allowed to grow as the central leader. 
When this new central leader reaches the next wire, the shoot tip is removed again. This is 
done for each wire on the trellis. The sub laterals along the main branches are developed in 
the same way. This training system is used successfully in custard apples and usually results 
in a better overall filling of the trellis wires although more slowly than developing vertical and 
lateral growth together. 

 

After the third year once the trellis wires were full, pruning was required only twice per year, 
the first after harvest taking 12 min/tree and the second during fruit growth taking 4 min/tree 
or a total of 33 days/ha. The main pruning involved stag horning the trees back to the sub 
laterals (2-4 nodes) on the main branches after harvest each year (Plate 2). The second 
pruning was done after flowering and fruit set to control excess vegetative growth and 
remove the unfruitful branches. With the low trellis height all the pruning could be done from 
the ground. 

 

Plate 2. The main pruning involved stag horning the trees back to the sub laterals on the main 
branches after harvest each year. 

 
 

Vigorous trees can become too apically dominant and these should be controlled by pruning 
the tops of the trees more heavily. Occasionally a sub lateral branch can become too 
vigorous or too vertical and these branches were heavily pruned or removed. As a general 
rule each successive branch should only be one-half to one-third of the diameter of the 
branch it originates from to avoid it from becoming too dominant. 

 

When laterals didn’t develop in the correct positions it was possible to stimulate new shoots 
for lateral development by notching vertical stems just above a node while the wood was 
young (Plate 3), if the wood matures and hardens, notching did not work. Dormex (5%) was 
also effective at stimulating new shoot development on young branches. Another technique 
used successfully to establish missing laterals was to allow a sub lateral from a lower branch 
to grow and become a main lateral on a wire above (Plate 1). 
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Plate 3. New shoots for lateral development could be stimulated by notching young vertical 
stems just above a node. 

 

 
It took the trees about 3 years to fill the 4 wires on the 2 m high trellis at the plant spacing of 
3 m. 

 

Flowering/Cropping 
 

Longans flower from the terminals on mature flush, therefore the timing of pruning is critical 
because if the flush growth is too young they will not flower reliably. Pruning the trees heavily 
straight after harvest gives the flush growth as much time as possible to grow and mature 
prior to floral induction, delaying this pruning or doing follow up pruning prior to flowering will 
reduce the maturity of the terminals and reduce flowering. In this trial floral initiation was 
stimulated in year 4 and 5 using potassium chlorate due to poor natural flowering in those 
years. 

 

Longan trees started flowering and cropping in the third year (Plate 4) and the yield data for 
both varieties for each year of the trial is shown in Table 1. The figures show that the yield 
per hectare of the trees growing on trellis almost reach those of conventionally planted trees 
in full production in the third year. After this the yields increased to 27 – 90 % greater than 
those of conventionally planted trees. 
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Plate 4. Longan trees started flowering and cropping in the third year. 

 
 

Table 1. The average number and weight of panicles and yield of Longan trees (Biew Kiew (BK) 
(average of 5 trees) and Kohala (K)(average of 15 trees) growing on a fence trellis 
and when planted conventionally. 

 

 
 

Year 

 
3 

 
4 

 
5 

Conventional 

full production 

(200 trees/ha) 

BK K BK K BK K BK K 

Number of 

panicles/tree 
10 13 14 35 18 28 - - 

 
Average panicle 

weight (kg) 

 
1.4 

 
1.25 

 
1.5 

 
1 

 
1.3 

 
1.1 

 
1.5 

 
1.5 

 

Yield (kg/tree) 
 

14 
 

16 
 

21 
 

35 
 

23.4 
 

30.8 
 

90 
 

100 

Yield (t/ha) (at 

1110 trees/ha) 

 

16 
 

18 
 

23 
 

38 
 

26 
 

34 
 

18 
 

20 

 

With the low trellis height and narrow two dimensional plane, access to the panicles was 
easy, and spraying, fruit thinning and harvesting fast and efficient and fruit quality excellent. 

 

Trellis Spacing 
 

The ideal spacing between the trees on this 4 wire, 2 m high fence trellis is approximately 3 
metres. At a 3 metre row spacing this gives a plant density of 1100 plants/ha. In this trial 
trellis wires were spaced 50 cm apart and the panicles on the bottom wire frequently touched 
the ground while panicles on the higher wires often hung down into the lateral branches 
below. It is therefore recommended to run the first wire 70 cm above the ground and space 
the other wires at 60-70 cm intervals, this would only allow 3 wires to be run with a trellis 
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height of 2.1 m. This is far enough apart for fruit to be held on long panicles clear of the wire 
below. 

 

Star Apple 
 

Vegetative Growth/Suitability 
 

Star apple trees grow quite slowly and were therefore slow to establish but they do have 
good natural branching and the branches are flexible so they were easy to train onto a fence 
trellis. Good branching allowed vertical (central leader) and horizontal (laterals) growth to be 
developed together (Plate 1). It was important to select strong laterals as weaker laterals 
were prone to dying from competition from growth in other parts of the tree. Good branching 
allowed sub laterals to be established at regular intervals (15 cm) along the main lateral. 
This combined with the axillary flowering habit of star apple produced plenty of sites for 
flowering and cropping. 

 

Plate 1. Good branching in Star Apple allowed vertical and horizontal growth to be developed 
together. 

The trees generally handled the frequent pruning without any damage although care needs 
to be taken not to expose heavily shaded branches during pruning as this can cause 
sunburn. No sunburn or disease was observed on the fruit. 

 

Suckering from the main stem was a problem due to full sunlight reaching the stem as a 
result of the regular pruning and the narrow canopy (Plate 2). Tree guards may help to solve 
this problem. 
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Plate 2. Suckering can be a problem in trellised trees due to full sunlight reaching the main 
stem. 

Pruning 
 

Pruning in the first year was required 4 times for 3 min/tree or 28 days/ha and in the second 
and third years 4 times for 6 min/tree or 55 days/ha. During establishment the main stem 
(central leader) was allowed to grow continuously to the top wire and then tipped. Regular 
branching from this central leader was used to form the main laterals on each of the wires, all 
the other shoots on the main stem were removed. The sub laterals on the main branches 
were developed in the same way, by selecting branches at 5 - 10 cm intervals along the 
lateral to form sub laterals, all the other shoots were removed. The sub laterals were lightly 
pruned so they did not become too dominant while the main lateral continued growing along 
the wire. Growth from the sub laterals became the primary site for flowering and cropping in 
the mature trees. With the low trellis height all the pruning could be done from the ground. 

From the fourth year on, once the trellis wires were full, pruning was reduced to 3 times/year 
for 5 mins/tree or 35 days/ha. Trees were pruned back heavily after harvest (October) to the 
established sub laterals on the main branches, following this, trees were pruned lightly twice 
at two month intervals to remove some excess vegetative growth to prevent the trees from 
becoming too bushy and shaded. After this (March) the trees were left to develop flower 
buds. 

Vigorous trees can become too apically dominant and these should be controlled by pruning 
the tops of the trees more heavily. It is important to prune out any sub laterals that are too 
vigorous or too vertical as they can become too dominant (Plate 3). 

 

Plate 3. Any sub laterals that are too vigorous or too vertical should be pruned out. 
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Due to the slow growth rates, it took the trees 3.5 years to fill the 4 wires on the 2 m high 
fence trellis at the plant spacing of 3 m. 

 

Flowering/Cropping 
 

Star apples flower from axillary buds primarily on new growth during winter, therefore trees 
should not be pruned heavily in the months before winter or it may affect flowering. The fruit 
developed in late winter and ripened in spring. Fruit were not thinned and as a consequence 
fruit size was small. The trees on the short fence trellis form a narrow two dimensional plane 
which made spraying and harvesting quick and easy. With the good light distribution, open 
canopy and ease of spraying, fruit quality was excellent. The trees started cropping in the 
third year (Plate 4). The average fruit number, weight and yield of trees for each year of the 
trial is shown in Table 1. The figures show that the yield per hectare of the trees growing on 
trellis increase above those of conventionally planted trees in full production in the fourth 
year and then increase to 67% above in the next year. 

 

 
Plate 4. The trees started cropping in the third year. 

 
 

Table 1. The average fruit number, weight and yield of Star Apple trees (average of 20 trees) 
growing on a fence trellis and when planted conventionally. 

 

 
Year 

 
3 

 
4 

 
5 

Conventional 
full production 
(400 trees/ha) 

Number of 
fruit/tree 

 

60 
 

140 
 

180 
 

- 

Average fruit 
weight (g) 

100 150 150 150 

 

Yield (kg/tree) 
 

6 
 

21 
 

27 
 

45 

Yield (t/ha) 
(at 1110 trees/ha) 

7 23 30 18 
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Trellis Spacing 
 

The ideal spacing between trees on this 4 wire, 2 m high fence trellis is approximately 3 m. 
At a 3 metre row spacing this gives a plant density of 1110 plants/ha. In this trial the trellis 
wires were spaced 50 cm apart, however because the fruit is held on short stems it is 
recommended to space the wires at 40 cm intervals after the first wire, this would allow a fifth 
wire to be run with a trellis height of 2.1 m. This spacing makes good use of the available 
space but still allows fruit to be held on short sub laterals clear of the wire below. 

 

White Sapote 
 

Vegetative growth/suitability 
 

White sapote has an extremely vigorous apically dominant upright vegetative growth habit 
with little natural branching which made this species difficult to establish on a fence trellis, 
especially when trying to establish vertical and horizontal growth together. In hind sight the 
best approach for training White sapote onto a fence trellis would have been to establish the 
vertical and lateral growth separately instead of together as in this trial. 

 

No amount of pruning or tying down was able to reduce the vigour or the apical dominance of 
the trees (Plate 1). Cultar may be an option to help control growth in very vigorous species. 
Another approach might be to select weaker shoots and remove strong shoots or trialling 
different training systems. For example, training the tree with multiple uprights (fan shaped 
or vertical) or using a T trellis where the strong vertical growth is allowed to grow to the top 
of the T and then trained downward to reduce the vigour and encourage cropping. 

 

Plate 1. White Sapote has an extremely vigorous apically dominant upright vegetative growth 
habit with little natural branching which made it difficult to establish on a fence 
trellis. 

Over time the trunk and branches grow over the wires giving the trellis structure extra 
strength. No sunburn or disease was observed on the trees or fruit. 

 

White Sapote trees didn’t respond well to the regular pruning necessary with trellis 
production. The new shoots are strongly apically dominant and when pruned or trained 
horizontally they produce further strongly apically dominant shoots. The brittle new shoots 
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with narrow crotch angles are difficult to train because they easily break. This growth habit 
combined with the poor yields measured make White Sapote unsuitable for trellising on a 
fence trellis using palmette training. It is possible that it may suit another form of trellising or 
training system. 

 

Pruning 
 

Pruning in the first 2 years was required 6 times for 6 min/tree or 83 days/ha. During 
establishment the main stem (central leader) was allowed to grow continuously to the top 
wire and then tipped. The poor natural branching from this central leader made it difficult to 
get enough shoots to form the main laterals on each of the wires. Similarly, the sub laterals 
on the main branches were also difficult to establish because of poor branching. The sub 
laterals that did develop were pruned back to 3-4 nodes while the main lateral was allowed to 
continue growing along the wire. Growth from the sub laterals became the primary site for 
flowering and cropping in the mature trees. 

 

In hind sight it would have been better to establishing White Sapote on a fence trellis by 
developing the vertical and lateral growth separately. For this the shoot tip of the main 
upright (central leader) is removed at the height of each wire as it grows. When the new 
shoots emerge, two are laid down as the laterals and a third is allowed to grow as the central 
leader. When this new central leader reaches the next wire, the shoot tip is removed again. 
This is done for each wire on the trellis. The sub laterals along the main branches are 
developed in the same way. This training system is used successfully in custard apples 
(Plate 2) and usually results in a better overall filling of the trellis wires although more slowly 
than when vertical and lateral growth can be developed at the same time. With the low trellis 
height all the pruning could be done from the ground. 

 

 
 

Plate 2. Vertical and lateral growth is usually developed separately when establishing Custard 
Apple on a fence trellis. 

From the third year onwards pruning was required 4 times/year for 5 min/tree or 40 days/ha. 
This pruning removed excess vegetative growth. It was not possible to control the vigour or 
the apical dominance of the trees even by pruning the tops of the trees heavily. 

 

When laterals didn’t develop it was possible to stimulate new shoots for lateral development 
by notching young vertical stems just above a node while the wood was young (Plate 3), if 
the wood matures and hardens, notching did not work. Dormex (5%) was ineffective at 
stimulating new shoot development. 
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Plate 3. Notching young vertical stems just above a node could be used to stimulated new 
shoots for lateral development. 

 

 
Flowering/Cropping 

 

White sapote trees flower from axillary buds on one year old wood during winter however 
flowering and cropping on these trellised trees was very poor. In the third year there was a 
very small amount of flowering resulting in only 10 fruit/tree with an average fruit weight of 
100 g or 1 kg/tree or 1.1 t/ha. In the fourth year trees had 30 fruit/tree with an average fruit 
weight of 100 g or 3 kg/tree or 3.3 t/ha. It was decided not to continue evaluating White 
Sapote after this due to the poor yields and difficulties in training. 

 

Mango 
 

Vegetative Growth/Suitability 
 

Mango trees are very vigorous and most varieties have good natural branching so they can 
be quickly and easily established on a fence (espalier) trellis. Branches are flexible and easy 
to bend and tie to the trellis wires. In compact varieties with good branching such as Honey 
Gold, Keitt and Kensington, vertical (central leader) and horizontal (laterals) growth can be 
developed together (Plate 1). In varieties with more open canopies and less branching such 
as Keow Savoey and Maha Chanook it was difficult to develop all the laterals and sub 
laterals in the correct positions to fill the wires and provide enough terminals for good 
cropping. In these varieties it would be better to establish vertical growth and lateral growth 
separately. 

 

Growth from the sub laterals becomes the primary site for flowering and cropping in the 
mature trees. 
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Plate 1. Good branching the variety Honey Gold allowed vertical and horizontal to be 
developed together. 

Mango trees handle the frequent pruning required for trellising without any damage, disease 
or sunburn on the stems or branches. Some sunburn was observed on fruit if trees are 
pruned too close to harvest. 

 

Pruning 
 

Pruning in the first year was required 4 times for 5 min/tree or 46 days/ha and 4 times for 7 
min/tree or 64 days/ha in the second and third years. During establishment of the varieties 
with good branching the main stem (central leader) grows as a series of reasonably compact 
flushes from which a whorl of 3 – 10 shoots are produced. When this whorl of shoots is close 
to a trellis wire two are selected to tie down on to the wire to form the main laterals either 
side of the central stem and one is selected to continue growing as the central leader, all the 
other shoots are removed. This is repeated for each wire on the trellis. The sub laterals on 
the main branches are developed in the same way. From each flush of growth on the lateral 
branches a whorl of 3 –10 shoots are produced, from these, two are selected as sub laterals 
and one is selected to continue growing as the main lateral, all the other shoots are removed 
(Plate 2). Ideally these sub laterals will be spaced every 10-20 cm along the main lateral and 
will be the main flowering sites in the future. 

 

 
Plate 2. Sub laterals were established by selecting two shoots from the whorl of shoots 

produced from each flush. Another shoot was kept as the main lateral, all the other 
shoots were removed. 

In varieties with more open canopies and less branching vertical and horizontal growth need 
to be developed separately. For this, the shoot tip of the main upright (central leader) is 
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removed at the height of each wire as it grows. When the new shoots emerge, two are laid 
down as the laterals and a third is allowed to grow as the new central leader, any other 
shoots are removed. When the new central shoot reaches the next wire, the shoot tip is 
removed again and lateral shoots and new leader selected again. This is done for each wire 
on the trellis. The sub laterals are developed along the main branches in the same way. This 
training system usually results in a better overall filling of the trellis wires but the trees are 
slower to fill the trellis than developing vertical and lateral growth together. 

 

From the fourth year onward once the trees are mature and all the laterals and sub laterals 
have been established, pruning is required twice per year, once after harvest when the trees 
are stag horned back to the sub laterals (2- 4 nodes) (8 mins/tree) (Plate 3) and once after 
flowering and fruit set to remove unfruitful branches and control excessive vegetative growth 
(2 mins/tree) giving a total of 23 days/ha. Care needs to be taken not to remove too much 
foliage before harvest as this can cause sunburn on the fruit. With the low trellis height all the 
pruning could be done from the ground. 

 

Plate 3. After harvest the trees were stag horned back to the sub laterals. 

Vigorous trees can become too apically dominant and this should be controlled by pruning 
the tops of the trees more heavily. It is important to prune or remove any sub laterals that 
become too vigorous or too vertical as they can become too dominant and starve the main 
lateral (Plate 4). As a general rule each successive branches should only be one-half to one-
third of the diameter of the branch it originates from to avoid it from becoming too dominant. 

 
 

Plate 4. Sub laterals that become too dominant take growth away from the main lateral. 
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Where laterals didn’t develop in the correct positions, it was not possible to force branching 
by notching, Cytokinin (IBA 100ppm) or Dormex (5%).In these cases a sub lateral from a 
branch below was allowed to grow and become a main lateral on a wire above. 

 

Experience with pruning indicates that the new shoots in mango are very brittle and easily 
snapped if they are tied down when still young.  It is easier to bend and tie down the 
branches to the wire once they have matured by delaying the interval between pruning dates. 

 

It took the trees 3 years to fill the 4 wires on the 2m high fence trellis at the plant spacing of 
3m. 

 

Flowering/Cropping 
 

Mangoes flower mostly on mature terminals and therefore it is important for good cropping 
to generate a lot of mature terminals on the laterals prior to flowering. The timing of pruning 
is critical as it influences the maturity of the terminals around flowering. Pruning should be 
done following harvest and no later than March to give the terminals time to mature before 
flowering. Trees of all four varieties (Honey Gold, Kensington, Keow Savoey and Maha 
Chanook) started flowering and cropping at two years of age and the yield data for all 
varieties for each year of the trial is shown in Table 1. The figures show that the yield per 
hectare of the trees growing on trellis vary greatly from year to year and with variety, as they 
do in conventionally planted trees. Cropping in mango trees tends to be biennial and is also 
influenced by climatic conditions, particularly minimum temperatures during winter. 

 

For Honey Gold (a compact fruitful variety), the average yield over the first four years of 
production was around 19 t/ha, compared to 25 t/ha for fully mature conventionally planted 
trees in full production. This yield would not be expected until after year seven. The very high 
yield in the last year of this trial indicates the potential for Honey Gold grown on trellis to 
produce higher yields than conventionally planted trees. For Kensington which is a less 
fruitful variety the average yield over the first four years of production was 9.4 t/ha. This 
compares to a yield of 17.5 t/ha expected on fully mature conventionally planted trees in full 
production although this would not be expected until after year 8. The high yield in the third 
year indicates the potential for Kensington grown on trellis to produce higher yields than 
conventionally planted trees in good cropping years, but the very low yields in the last year of 
the trial indicate that the pruning and training required for trellising may interfere with 
cropping in the variety Kensington. 

 

The yields in Keow Savoey and Maha Chanook were limited by the poor branching in these 
varieties which limited the number of sub lateral branches hence flowering terminals that 
could be developed. The low average yields of 5 - 6 t/ha found in these varieties could be a 
reflection of the lower yielding potential of these varieties or it might be due to the pruning 
and training required for trellising interfering with cropping. 

 

The trees on the short fence trellis form a narrow two dimensional plane which makes 
spraying and harvesting fast and efficient and fruit quality was excellent (Plate 5). Fruit are 
heavy and the long panicles need to be well supported by ties on to the trellis wires to avoid 
breakage. 
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Plate 5. The trees on the short fence trellis form a narrow two dimensional plane which makes 
spraying and harvesting fast and efficient and fruit quality was excellent. 

 
 

Table 1. The average number of fruit and yield of Mango trees (Honey Gold (HG), Kensington 
(K), Keow Savoey (KS) and Maha Chanook (MC)) growing on a fence trellis (average 
of 2-15 trees) and when planted conventionally. 

 

 
 

Year 

 
2 

 
3 

 
4 

 
5 

Conventional 

(full production) 

(250 tree/ha) 

HG K KS MC HG K KS MC HG K KS MC HG K KS MC HG K 

Number of 

fruit/tree 
14 18 17 14 28 50 13 6 18 15 6 8 65 6 25 10 

  

 

Yield (kg/tree) 
 

8.4 
 

7.2 
 

6.8 
 

7.7 
 

15 
 

18 
 

5 
 

3 
 

11 
 

6 
 

2.4 
 

4 
 

33 
 

2.7 
 

8.8 
 

4.5 
 

100 
 

70 

Yield (t/ha) 

(at 1110 

trees/ha) 

 
9.3 

 
8 

 
7.5 

 
8.5 

 
17 

 
20 

 
5.5 

 
3.5 

 
12 

 
6.7 

 
2.7 

 
4.4 

 
37 

 
3 

 
9.8 

 
5 

 
25 

 
17.5 

 
Trellis Spacing 

 

The ideal spacing between trees on the 4 wire, 2 m high fence trellis is approximately 3 
metres. At a 3 metre row spacing this gives a plant density of 1110 plants/ha. 

 

In this trellis the four wires were spaced 50 cm apart and the fruit hanging on the panicles on 
the bottom wire frequently touched the ground while panicles on the higher wires often hung 
down into the lateral branch below. It is therefore recommended to run the first wire 80 cm 
above the ground and space the wires at 70 cm intervals, this would only allow 3 wires to be 
run with a trellis height of 2.2 m. This is far enough apart for fruit to be held on long panicles 
clear of the wire below. 

 

Conclusion 
 

These trials have demonstrated that it is possible to successfully grow a wide variety of 
tropical fruit tree species on trellis, despite big differences in tree size, vigour, growth form, 
flowering habit and position. This suggests many more species may also be amenable to 
trellis production, however as was the case with white sapote not all species will be suitable 
and each species will need to be tested individually. Likewise, not all varieties within a 
species are ideally suited to trellising. As experience is gained for each species grown on 
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trellis, different training methods and different trellis designs may prove more suitable in the 
future. 

 

With little to no prior knowledge about growing these species on trellis, preliminary guidelines 
on establishment and suggestions on pruning and management have been developed within 
a short space of time. The high labour inputs especially for pruning and training in the first 
few years are offset by the high early yields and total yields in full production and good fruit 
quality for most crops. The very high densities used in trellis production resulted in yields 
reaching and often exceeding those that would be achieved on conventionally planted free 
standing trees much earlier. The 3 m row spacing chosen for the comparison and high 
resultant plant density of 1,110 t/ha would necessitate specialist tractors and management 
equipment. However, even at 4 m or 5 m spacing the yields achieved on trellised trees 
remain positive and deserving of further commercial trials. 

 

Once the trees have filled the trellis wires and training is complete it is conceivable that some 
pruning operations may be able to be done mechanically (e.g. hedging and topping) to 
reduce the overall pruning labour requirements. 

 

Calculations indicate that the yields on individual trees growing on a fence trellis (as used in 
this trial) required to produce high commercial yields are relatively undemanding. For 
example, in mango to achieve a yield of 25 t/ha would require 62,500 pieces of fruit 
weighing 400 g each, if each panicle carried two pieces of fruit, 31,250 panicles are required 
or 28 panicles/tree (at 1110 plants/ha). For each tree once established there is 12 m of 
lateral branch, therefore a panicle is only required every 40 cm. Similarly in Longan or 
Rambutan to achieve a yield of 20 t/ha would require 20000 panicles weighing 1 kg each or 
18/tree (at 1110 plants/ha), therefore a panicle is only required every 67 cm along the 
laterals. 

 

As well as high early and total yields, other management operations in trellis production are 
also often faster and more efficient than in conventionally planted trees, e.g. spraying, 
thinning, harvesting. Trellises can also be used to support nets to protect crops from pests or 
covers to protect crops from sunburn or rain or be used to induce water stress to aid 
flowering and fruiting (see Durian trial). 

 

The findings suggest that trellising may provide a solution to growing a productive, 
economically sustainable tropical fruit industry in cyclone prone areas of Northern Australia 
and other regions of the world. 
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Durian Trial 

Material and Methods 
 

Sixty-four Durian trees (varieties P88, Gumpun, Ganyaw, Kradom Tong, Red Prawn) were 
grown on an open Tatura trellis trial block established on a cooperative grower’s property on 
the tropical north Queensland coast near Tully in 2013. The Tatura shaped trellis had 5 
wires, the first at 70 cm, then at 40 cm spacing’s with a total height of 2.4 m (Plate 1). The 
base of the Tatura trellis was 0.5 m apart and the poles angled at 17.5 o from vertical. Trees 
were irrigated with micro sprinklers, mulched, weeded and fertilised regularly to encourage 
vigorous growth. 

Trees were stagger planted 2.85 m apart on each side of the trellis giving a planting density 
of 1,559 trees/Ha at a 4.5 m row width. Trees of all varieties were trained with a single 
central leader with horizontal lateral branches on each of the wires. The central leader was 
weaved between the trellis wires as it grew to provide additional support during cyclonic 
winds rather than just relying on the wire fasteners used in training for support. 

 

Plate 1. Sixty-four Durian trees (varieties P88, Gumpun, Ganyaw, Kradom Tong, Red Prawn) 
were planted on an open Tatura trellis. 

To train the trees onto the trellis wires, both adjustable rubber and hard plastic fasteners 
were used. The adjustable ties were good for variable sized branches, they stretched so they 
did not cause ring barking or break easily and could be reused, however they were 
expensive. The plastic fasteners were cheaper and they didn’t move on the wires so they 
were good for holding branches in position but were brittle and can cause ring barking. 

 

Observations of growth habit, tree vigour, branching patterns, flowering, fruit quality and 
cropping levels were collected over a four-year period as the trees established and matured 
on the trellis. The aim of the trials was to determine the suitability of Durian for trellis 
production and to provide some guidelines for growing Durian on trellis. 

 

Vegetative Growth/Suitability 
 

Durian trees are very vigorous and all varieties had good natural branching so they were 
quickly and easily established on tatura trellis. Branches are flexible and easy to bend and 
tie to the trellis wires. The plagiotropic growth habit of the branches means that they 
naturally grow horizontally rather than vertically which makes training easy. With the 
plagiotropic nature of the laterals it was better to attach the branches to the wires with ties 
and not to wrap branches around the trellis wires as this disorientated the sub lateral shoots. 
Keeping the main lateral horizontal without twisting ensures that the sub laterals grow 
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horizontally out from the branch rather than growing into the main laterals above or below. 
The good branching allows the vertical (central leader) and horizontal (laterals) growth to be 
developed together (Plate 2). Durian trees handle the frequent pruning required for trellising 
without any damage, disease or sunburn on the stems or branches. 

 

 

Plate 2. Good branching in Durian allowed vertical and horizontal growth to be developed 
together. 

Pruning 
 

Good branching allowed all the main laterals to be established on the wires as the trees grew 
to the top of the trellis. Along each of the laterals, the high number of sub lateral branches 
were thinned to leave about 1 sub lateral every 20 cm along the main lateral as potential 
cropping sites in the future (Plate 3). On large fruited varieties the spacing of the sub laterals 
may need to be even wider. The sub laterals were pruned at 50 cm from the wire to prevent 
too much shading. A pruning trial indicated that the growth and thickness of the main laterals 
are maximised by gradually thinning the sub laterals as the main lateral grows. Removing all 
the excess sub laterals very early reduced the leaf area of the tree slowing overall growth. 
Leaving all the sub laterals on the tree caused excessive shading which also slowed the 
growth and thickening of the main laterals particularly lower in the canopy. Pruning in the 
first year was required 3 times for 8 min/tree or 80 days/ha and three times for 6 min/tree 
or 59 days/ha in the second and third years. 

 

Plate 3. Sub laterals were established by selecting shoots every 20 cm along the main lateral, 
all the other shoots were removed. 
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From the fourth year onward once all the laterals and sub laterals have been established, 
pruning is required three times per year. Once after harvest when the trees are pruned back 
heavily to the sub laterals (4-6 nodes) (6 min/tree), once three months later and once after 
fruit set when trees are lightly pruned to remove any excess vegetative growth to keep the 
canopy open and prevent too much shading (2 min/tree) giving a total of 32 days/ha. Care 
needs to be taken not to remove too much foliage before harvest as this can cause sunburn 
on the fruit. It took the trees 3 years to fill the 5 wires on the 2.4 m Tatura trellis at the plant 
spacing of 2.85 m. 

 

Vigorous trees can become too apically dominant and this should be controlled by pruning 
the tops of the trees more heavily. It is important to prune or remove any sub laterals that 
become too vigorous as they can become too dominant and starve the main lateral. As a 
general rule each successive branch should only be one-half to one-third of the diameter of 
the branch it originates from to avoid it from becoming too dominant. 

 

Flowering/Cropping 
 

Durian trees flower off the main stem and branches, therefore it is important for good 
cropping to generate a good scaffold of main and well-spaced sub laterals to carry the fruit. 
Thin branches can be removed to create space for large fruit and to reduce shading as these 
will not carry fruit. The exact timing of pruning is not critical because the main scaffold 
branches of the tree that flower and fruit are never pruned. 

 

To test the potential for utilising a trellis structure for purposes other than providing support to 
a crop for cyclone protection, a rainout cover using solarfilm and irrigation poly pipes was 
installed on the trellis structure over the Durian trees (Plate 4) to induce water stress to 
encourage flowering. The rainout cover was installed in August, six weeks prior to the 
expected time of natural flowering and irrigation was withheld until flowering was observed 
(approx. 6 weeks). The rainout shelter was left in place during fruit set to aid pollination, 
although trees were irrigated during this period. The rainout cover was effective at inducing 
water stress in the durian trees despite periods of rain. Soil gravimetric moisture levels 
declined from 89% to 56% and leaf water potential declined from - 0.6 MPa to -1.3 MPa. 
While there was no control treatment in this trial it was felt by the grower that the water stress 
treatment had aided flowering, pollination and fruit set. 

 

Plate 4. The Tatura trellis frame and irrigation poly pipe was used to construct a cover over the 
trees, this was used to install a rainout cover but could also be used for netting or 
shading. 

This trial demonstrates that once constructed, a trellis structure may be utilised for more than 
just its primary roles of reducing the costs of production and protection from cyclone damage 
which would further justify the high capital costs. The narrow high density trellis lines with the 
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trellis structure in place, offers the potential and is perfect for supporting nets or covers for 
semi protected cropping. Many tropical crops would benefit from a period of water stress or 
being protected from rain at various stages through their flowering and cropping cycles 
where rainfall at the wrong time of year can result in complete crop failure. Utilising the trellis 
structure for this purpose would help reduce the production risks associated with growing 
crops in tropical regions with unpredictable weather. In the same way that the trellis structure 
was used to support the rainout cover in this trial, it could be used to support covers for 
sunburn or netting for insect, bird, bat or hail protection. 

 

The varieties P88 and Kradom Tong started flowering and cropping on the trellis at three 
years of age (Plates 5 and 6), the variety Gumpun at four years, while the variety Red Prawn 
had not yet flowered. Flowers were hand pollinated to improve fruit set. The yield data for the 
varieties P88 and Kradom Tong is shown in Table 1. Based on the flower counts and early 
fruit set from 2017, yields in 2018 are expected to be around 20t/ha. 

 

Plate 5. Durian trees started flowering at three years of age on the trellis. 

The trees on the short fence trellis form a narrow two dimensional plane which makes 
spraying and harvesting fast and efficient and fruit quality was excellent (Plate 6). Fruit are 
heavy and the branches supporting them need to be sturdy enough or well supported by ties 
on to the trellis wires to avoid breakage. 

 

Plate 6. The trees on the Tatura trellis form a narrow two dimensional plane which makes 
spraying and harvesting fast and efficient and fruit quality was excellent. 
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Table 1. The average fruit number, weight and yield of Durian trees (P88 and Kradom Tong) 
(average of 23 trees) growing on a Tatura trellis. 

 

 
Year 

 
3 

 
4 

Number of fruit/tree 4 2.7 

Average fruit weight (kg) 1.4 1.9 

Yield (kg/tree) 5.7 5 

Yield (t/Ha) (at 1559 trees/Ha) 8.9 7.7 

 

 
Trellis Spacing 

 

Due to the fast growth rates, easy establishment onto the trellis and the fact that Durian can 
only flower and set fruit on wood at least 3 years of age, the ideal spacing between trees on 
the 5 wire, 2.4 m high Tatura trellis is estimated at 3.5 m rather than the 2.85 m spacing used 
in this trial. At a 4.5 m row spacing this gives a plant density of 1270 plants/ha. Planting the 
trees too close together results in the trees filling the wires before they are able to crop which 
is unnecessary, requires additional pruning and may cause shading issues. Very high plant 
densities may also be uneconomic if the planting stock is expensive or in short supply. 

In this Tatura trellis trial the five wires were spaced 40 cm apart starting from 70 cm above 
ground level. Given the expense and workplace health and safety (WHS) issues associated 
with working on ladders it is recommended to reduce the height of the trellis to 2 m by 
reducing the number of wires to 4 and spacing them at 50 cm apart. This will reduce 
shading in the tree and give the large fruit more room to develop without touching the wire 
below. The lower trellis height would also allow for a closer row spacing therefore 
maintaining a similar number of fruiting laterals per hectare. 

Conclusion 
 

This trial demonstrates that it is possible to grow Durian successfully on a Tatura trellis. The 
varieties P88 and Kradom Tong started cropping three years after planting and Gumpun four 
years after planting. The high early yields achieved help to offset the high establishment 
costs of the trellis and the high labour costs for pruning and training. With little to no prior 
knowledge about growing Durian on trellis, preliminary guidelines on establishment and 
suggestions on pruning and management have been developed within a short space of time. 
As experience is gained with growing Durian on trellis, different training methods and 
different trellis designs may prove even more suitable in the future. 

Calculations indicate that the yields on individual trees growing on a Tatura trellis (as used in 
this trial) required to produce high commercial yields are relatively undemanding. For 
example, to achieve a yield of 20 t/ha would require 12,500 pieces of fruit weighing 1.6 kg 
each, or 8 fruit/tree (at 1,559 trees/ha) or less than 1 fruit/lateral. 

This trial has also demonstrated the potential to utilise the trellis structure for purposes other 
than providing protection from cyclonic winds. The trellis was used to support a rainout cover 
which was used to induce mild water stress to assist flowering and fruit set. In other crops 
the trellis structure may also be used to support nets for insect, bird, bat or hail protection. 
These other uses further justify the high capital costs of establishment. 
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South Johnstone Trial 

Material and Methods 
 

A trellis trial block was established on South Johnstone Research Station near Innisfail in 
North Queensland in May 2013. Guava (variety Thai White), longan (variety Kohala) and 
cocoa (seedlings) were chosen for the trial because of their different growth and flowering 
characteristics. Trees were planted on two different trellis designs (V (Tatura) and fence) and 
as free standing conventionally planted trees. All plants were planted at 3 m spacing in each 
of the three planting systems. For the calculation of yields/ha it was assumed that the rows of 
each planting system in a commercial orchard situation would be planted as close as 
possible with consideration of shading and machinery access. A row spacing of 4.5 m was 
used for the Tatura trellis, giving a tree density of 1480 trees/ha, a 3 m row spacing was used 
for the fence trellis giving a tree density of 1110 trees/ha and a 5 m row spacing was used for 
the conventionally planted trees giving a tree density of 667 trees/ha. For both trellis designs 
5 wires 40 cm apart were used, giving a 2 m trellis height. 

 

For each of the three species, the trees growing on the trellises were trained onto the wires 
with a single central leader using either the palmette (fanned branches (450)) or espalier 
(horizontal branches (1800)) training method. For cocoa an additional training method called 
upright fruiting offshoot (UFO) was also tested, in this training method the seedlings were laid 
over at 450 to encourage side shoot development and these shoots were trained using the 
fanned method. The central leader was weaved between the trellis wires and the lateral 
branches wrapped around the wires as they grew to provide additional support during 
cyclonic winds rather than just relying on the wire fasteners used in training for support. The 
conventionally planted free standing trees were pruned according to normal industry 
standard. Trees were irrigated with drippers, mulched, weeded and fertilised regularly to 
encourage vigorous growth. 

 

Observations of growth habit, tree vigour, branching patterns, flowering, fruit quality and 
cropping levels were collected over a four-year period as the trees established and matured 
on the trellises. The aim of the trials was to determine the suitability and production levels of 
the three different tropical fruit trees grown on different trellis types using different training 
methods and comparing this with the performance of conventionally planted trees. 

 

Guava 
 

Guava trees are extremely vigorous and have good natural branching so were quickly and 
easily established on the fence and Tatura trellises. Branches are flexible and easy to bend 
and tie to the trellis wires. Vigorous growth and good branching allowed vertical (central 
leader) and horizontal or fan growth (laterals) to be developed together (Plate 1). Good 
branching allowed sub laterals to be established at regular intervals (15 cm) along the main 
lateral. The sub laterals were pruned about 30 cm from the lateral so that they did not cross 
the wires above or below or cause too much shading. The conventional free standing trees 
were pruned with branches radiating out from a central leader as they are in commercial 
orchards (Plate 1). The good lateral and sub lateral development combined with the axillary 
flowering habit of guava produced plenty of sites for flowering and cropping. 
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Plate 1. Guava trees were grown on trellis using either the palmette or espalier training method 
or as conventional free standing trees. 

Guava trees handled the frequent pruning without any damage or sunburn on stems or fruit. 
Suckering from the main stem and roots was a problem due to full sunlight reaching the stem 
as the result of regular pruning. Tree guards may be able to reduce this. 

 

Vegetative Growth 
 

Growth and development of the trees was similar on the Tatura and fence trellises. Growth 
observations indicated that growth of the main laterals was reduced when branches were 
trained in a horizontal position compared to when fanned. This resulted in the main laterals in 
the fan training system filling the wires faster and the trees requiring less pruning than in the 
espalier training system during establishment. Sub lateral development was more abundant 
and faster on the horizontal branches which resulted in more potential cropping sites. In 
terms of training it was found to be much easier to train trees using the espalier method than 
the palmette method because in the espalier system the position of the branches is 
predetermined along the wires where as in the fan method the position of the laterals is not 
fixed and there is no wire to follow, it is also more difficult to get evenly spaced laterals. Care 
needs to be taken not to establish more than five fanned branches on each side of the 
central leader or shading and fruit crowding becomes an issue. To make palmette training 
easier, string guides can be attached from the central leader to the top wires while 
establishing the trees. Once the trees had filled their allotted space on the wires, more 
pruning was required on the palmette compared to the espalier training method because of 
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the strong vigour in the 45 0 laterals at the top wire. Without very regular pruning this 
excessive growth on the top wire resulted in shading in the lower parts of the canopy. Access 
for pruning and harvesting in the Tatura trellis was more difficult than on the fence trellis. 

 

Flowering/Cropping 
 

Guava trees started cropping in the first year after planting on all the planting systems and 
training methods (Plate 2). The yields of the two training methods and three planting systems 
are shown in Table 1. Average yields/tree were highest in the conventionally planted trees 
mostly due to the larger sized trees, although some of this fruit was poor quality. The yields 
per/ha increased faster and were larger in the trellis plantings compared to the conventional 
plantings due to the higher plant densities. In the Tatura trellis total yields were higher from 
the trees trained using the espalier method versus fan training method due the greater 
number of sub laterals developed and some shading in the fan trained trees especially with 
the double row. The combination of the high plant densities in the Tatura trellis and good tree 
yields in the espalier trained trees resulted in the highest yields/ha. In the fence trellis the 
result was opposite with fan training producing higher yields than espalier training. Shading 
was less of an issue on the fence trellises because there is only a single rather than a double 
row of trees as in the Tatura trellis. 

 

Fruit quality was better from trees grown on the trellises compared to the free standing trees 
due to fruit not touching the ground, fruit was more spaced on the trees therefore there was 
less rub injury and because the branches were supported there was less wind damage fruit 
and fruit on broken branches. The better spray coverage and access for fruit thinning 
afforded by the narrow two dimensional canopies on the trellised trees would also contribute 
toward improved fruit quality. In these trials it was estimated that the lower fruit quality in the 
conventionally planted trees might have reduced marketable yields by about 20%. 

 

Table 1. The average yield (2014 – 2017) of Guava trees planted conventionally or on a trellis 
using two training methods. Yields are the average of 20 trees. 

 

Trellis 
design 
training 
method 

 

Fence 
Espalier 

 

Fence 
Fan 

 

Tatura 
Espalier 

 

Tatura 
Fan 

 
 
Conventional 

kg/tree 22.9 27 27.7 21 30* 

t/ha 25.4 30 41 31 20* 

* only 80% marketable. 
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Plate 2. Guava trees cropped mostly on new growth on sub laterals. 

Longan 
 

Longans have vigorous vegetative growth and can be established reasonably easily and 
quickly onto a fence or Tatura trellis. The poor natural branching on occasions made it 
difficult to develop all of the main and sub laterals in the correct positions. In hindsight it may 
have been better to develop vertical and lateral growth separately rather than together as 
was done in this trial. 

 

During establishment the main stem (central leader) was allowed to grow continuously to the 
top wire and then tipped. Branching from this central leader was used to form the main 
horizontal or fanned laterals, all the other shoots on the main stem were removed. The sub 
laterals on the main branches were developed in the same way, by selecting branches at 10- 
20 cm intervals along the lateral to form sub laterals, all the other shoots were removed. The 
sub laterals were pruned back to 3-4 nodes while the main lateral was allowed to continue 
growing along the wire. Growth from the sub laterals became the primary site for flowering 
and cropping in the mature trees. The conventional free standing trees were pruned to a 
single trunk to 50 cm height with a rounded vase shaped canopy (Plate 1). 

 

Longan trees handled the frequent pruning without any damage or sunburn on the stems or 
fruit. 

 

Plate 1. Longan trees were grown on trellis using either the palmette or espalier training 
method or as conventional free standing trees. 
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Vegetative growth 
 

Growth observations indicated that the main laterals grew more slowly when branches were 
trained in a horizontal position compared to fanning the branches. This resulted in the main 
laterals in the fan training system filling the wires faster and the trees requiring less pruning 
than in the espalier training system during establishment. Sub lateral development was more 
abundant and faster on the horizontal branches which resulted in more potential cropping 
sites. To try and increase sub lateral development on the fanned branches laterals were 
notched and scored just above the nodes, however this was generally ineffective especially 
on older wood. The only way to guaranteed sub lateral development was to prune the tops of 
the laterals. In terms of training as with Longan it was found to be easier to train trees using 
the espalier method than the palmette method. 

 

Once the trees had filled their allotted space on the wires, more pruning was required on the 
fan compared to the espalier training method because of the strong vigour in the 450 laterals 
at the top wire. Without very regular pruning this excessive growth on the top wire resulted in 
shading in the lower parts of the canopy. 

 

Flowering 
 

Longans trees started flowering and cropping three years after planting on all the planting 
systems and training methods (Plate 1). Potassium Chlorate was used to trigger flowering for 
the 2016 crop but was not used in 2017 and the trees did not flower due to the warm winter. 
As a result only one year’s yield data was collected. The yields of the two training methods 
and three planting systems are shown in Table 1. Average yields/tree were highest in the 
conventionally planted trees mostly due to the larger sized trees and greater number of 
terminals. The yields per/ha increased with plant density with the lowest yields in the 
conventional plantings and the highest in the Tatura trellis plantings. In both trellis designs 
yields were higher from the trees trained to the espalier versus fan training method due to 
this training method producing more sub laterals which in turn produced more terminals 
hence flowering sites. On the fanned training system there were fewer sub laterals and most 
of the panicles were on the terminals of the fanned branches. This demonstrates the 
importance in terminal flowering trees of developing plants with lots of sub laterals as this will 
increase the number of terminals that develop on the tree. 

 

 
Table 1. The average yield of Longan trees planted conventionally or on a trellis using two 

training methods. Yields are the average of 20 trees. 
 

Trellis 
design 
training 
method 

 

Fence 
Espalier 

 

Fence 
Fan 

 

Tatura 
Espalier 

 

Tatura 
Fan 

 
 
Conventional 

kg/tree 28.5 22 27 24.7 29.7 

t/ha 31.6 24.6 39.9 36.6 19.8 
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Plate 2. Longan trees started cropping in the third year. 

Cocoa 
 

Cocoa trees have an unusual growth and fruiting habit compared to many other tropical tree 
crops. This presents both advantages and possible disadvantages to trellising. The flowers 
and fruit are borne on the main trunk and branches therefore yields increase quite slowly in 
early establishment because it takes some time for the stems and branches to develop to 
sufficient size to start cropping, this limits the very early yield advantages of trellising seen in 
other crops. Cropping from the main stems is an advantage however once the main 
branches and stems have been established because the fruit is easily accessed for 
harvesting. Also because Cocoa can flower and fruit off the same wood year after year, the 
cropping laterals developed can be left in place permanently and fruit harvested from roughly 
the same position. This presents the possibility of being able to mechanically or robotically 
harvest the fruit in the future. 

 

The unusual vegetative growth habit of cocoa also presents some challenges for trellising. 
The trees have two distinct types of branches, plagiotropic which grow horizontally and 
orthotropic which only grow vertically. Growth of the main stem and any sides shoots from 
the main stem initially only grow vertically which is the case for newly planted trees (a genetic 
instinct to reach for the light from a rainforest floor) these upright shoots are called chupons 
or suckers. Once these vertical shoots reach around a meter or more in height they stop 
growing vertically and produce a whorl of three to five branches called a jorquette, these 
branches only grow horizontally. The tree grows taller when the process is repeated and a 
chupon shoot is produced from the main stem below the jorquette and grows up through the 
horizontal branches until it forms another jorquette of horizontal branches above the previous 
one. This growth habit presents quite a challenge for trellising trees but is quite useful for 
establishing conventionally planted free standing trees because they tend to form a single 
trunk at least a meter tall and then a canopy of horizontal branches above this, which makes 
access for harvesting and harvesting itself quite easy. The problem arises in accessing fruit 
higher in the canopy beyond the first jorquette of branches and as a consequence of the 
single stems there is a large area of unproductive space with no fruiting branches below the 
first jorquette. If the natural growth habit of cocoa can be modified using trellising, it might be 
possible to develop rows of trees with a narrow two dimensional scaffold of evenly spaced 
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permanent fruiting branches starting from close to the ground up to a fixed height. This could 
increase yields and would allow for easy access to the trees for harvesting and other 
management operations. 

 

The exception to the growth patterns described above occurs if trees are propagated from 
plagiotropic wood either by cutting or grafting as this will produce trees with only plagiotropic 
branches. These trees would be of no use for conventionally planted trees because the 
branches would only grow horizontally and it would be difficult to develop a vertical main 
stem. On a trellis however where the trellis wires can be used to support the branches and 
they can be positioned exactly where they need to be, these plagiotropic trees maybe easier 
to train onto a trellis than seedling trees. 

 

Vegetative Growth 
 

The slow growth rate and fragile, wind, insect and sun prone leaves and the unusual growth 
habit of Cocoa seedlings made establishing Cocoa on trellises more challenging than the 
other tropical crops studied in this project. For the fan and espalier training methods either 
upright orthotropic shoots from the main stem or horizontal plagiotropic branches from the 
jorquettes were trained onto the wires in either a horizontal or angled fanned position (Plate 

1). For the upright fruiting offshoot (UFO) training method, the seedlings were laid over at 450 

once they reached the first wire to encourage multiple shoots to develop. These new upright 
orthotropic shoots were then trained onto the trellises in a fan shape (Plate 1). The 
conventional free standing trees were pruned to a single stem to the height of the first 
jorquette and then allowed to form a canopy as they are in commercial orchards. (Plate 2). 

 

Plate 1. Cocoa trees were established on the trellis using three different training methods, 
espalier, fanned and UFO. 
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Plate 2. Conventional free standing Cocoa tree. 

The unusual branching made it quite difficult to establish all the lateral branches required in 
the correct positions on the trellises, particularly on the lower wires. For the lower trellis wires 
upright shoots or suckers had to be used because there were no plagiotropic branches below 
the jorquette, whereas on the higher trellis wires near the jorquette, plagiotropic branches 
could be used. Training the upright shoots horizontally proved quite difficult because they 
were fragile and easily broken and often suffered sunburn with the stems cracking, leaves 
shedding and growth slowing (Plate 3). It was more successful when they were established 
after the canopy on the tree above the shoots was allowed to develop which provided some 
shade cover. When these branches were able to be established the shoots which grew from 
them could be used to help fill the lower trellis wires. The upright shoots suffered less when 
they were trained in an angled fan position. There were no such difficulties with the 
plagiotropic branches which grew well in the horizontal or angled fan positions. Gradually as 
the trees grew most of the main scaffold branches required were able to be established on 
the trellises using a mixture of orthotropic and plagiotropic branches. Of the three training 
methods fanning the branches proved the most successful and training them horizontally the 
least. There was not much difference between the training methods on the different trellis 
designs. Access for pruning and harvesting in the Tatura trellis was more difficult than on the 
fence trellis. 

 

Plate 3. Training upright (orthotropic) shoots horizontally proved difficult because they were 
fragile and easily broken and often suffered sunburn with the stems cracking, 
leaves shedding and growth slowing. 
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Flowering/Cropping 
 

Cocoa trees started cropping two years after planting in all the planting systems and training 
methods. The yields of the three training methods and three planting systems are shown in 
Table 1. The yield per tree and per ha were the lowest in the espalier training method and in 
the conventionally planted plants. Many of the fruit on the horizontal branches suffered from 
sun burn. The low yields on the conventionally planted trees was due to the low yield per tree 
and the low plant density. The best yields were in the fan trained trees. The yields in the UFO 
trained trees in which the branches were also fanned were better than the espalier trees but 
not quite as good as the fan trained trees. The yield per tree indicates that the trees crop 
better on a fence trellis than a Tatura trellis. The highest yields on the trees trained to a fan 
shape on the fence trellis were generally a reflection of the more complete canopy 
development and greater amount of fruiting wood due to the faster growth rates in 
establishment. 

 

Table 1. The average pod yield (2015 - 2017) of Cocoa trees planted conventionally or on a 
trellis using three training methods. Yields are the average of 15 trees. 

 

Trellis 
design 
training 
method 

 

Fence 
Espalier 

 

Fence 
Fan 

 

Fence 
UFO 

 

Tatura 
Espalier 

 

Tatura 
Fan 

 

Tatura 
UFO 

 
 
Conventional 

kg/tree 21.7 36 25.5 15 22 21 18 

t/ha 24.1 40 28.3 22.2 32.7 31 12 

 

 
Conclusion 

 

These trials have demonstrated that it is possible to successfully grow Guava, Longan and 
Cocoa on trellises despite their differences in tree size, vigour, growth form and flowering 
characteristics. This suggests many more tropical species may also be amenable to trellis 
production. As experience is gained for each species grown on trellis, different training 
methods and different trellis designs may prove more suitable in the future. 

 

The yields per hectare on the trellised trees were 25 – 200% greater than those of the 
conventionally planted trees due to the high planting densities, the yields also increased 
more rapidly. The trellis design and training method that produced the highest yields varied 
with species. For Cocoa the fan training method on a fence trellis produced the best yields 
where as in Longan and Guava yields were highest from the trees grown on a Tatura trellis 
and trained using the espalier method. This reflected the number of flowering sites 
developed on the trees in each system. 

 

A common misconception with trellising is that the same high yields achieved by trellising 
could be achieved by simply planting a high density block of free standing trees. However, it 
is the trellis wires that allow the plants to be grown successfully at these high densities. The 
wires allow the trees canopy to be spread and separated down the rows by providing a guide 
and support. This ensures good light interception and distribution throughout the canopy. 
Without the wires to separate the trees branches and foliage the trees canopies would easily 
become crowded and shaded. Even with a lot of pruning it would be almost impossible to get 
the even spread of canopy that can be achieved in trellising. 

 

As well as the very high yields, other management operations in trellis production are also 
often faster and more efficient e.g. spraying, thinning, harvesting and fruit quality is often 
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better. Trellises can also be used to support nets or covers to protect crops from pests, 
sunburn or rain. 

 

This trellis trial has highlighted some other factors to consider in choosing a trellis design. 
 

T trellises are usually only used where the fruit benefit from being shaded or where fruit can 
hang down clear of the foliage e.g. jackfruit or passionfruit. This can be important if fruit 
diseases are an issue. Pruning, harvesting and spraying operations may be more difficult 
than on a Tatura or fence trellis. For most tropical crops a Tatura or fence trellis will probably 
be the best option especially if they require regular pruning and have multiple harvests. 
However, the growth and flowering habits of Cocoa may lend themselves to this type of 
trellis or perhaps a Y shaped trellis. 

 

Fence trellises are good for their simplicity of construction and the good access to both sides 
of the trellis makes management operations easy e.g. pruning, training, harvesting, weed 
control and spraying. In a Tatura trellis pruning, training and harvesting maybe more difficult 
because of access issues on the inside of the trellis especially on the top wires. This will be 
made worse if the trees are very vigorous or have multiple crops which require regular 
pruning and harvesting. Access to the inside of the trellis may also present problems for 
mechanical pruning and weed control. 

 

Vertical growth on a fence trellis remains within the trellis row so the canopy remains narrow 
and accessible even when pruning is delayed. In a Tatura trellis any vertical growth grows 
into the inter row which interferes with access, causes shading and reduces spray coverage. 

 

While the double row of the Tatura trellis gives the highest plant densities and potentially the 
highest yields it may also cause shading and be more difficult to get good spray coverage. 

 

The lower plant density on fence trellising can be improved by having a closer row spacing 
than is possible in Tatura trellising. Close row spacing’s doesn’t usually cause any issues 
with machinery in fence trellising but may do so in Tatura trellising because the top of the 
posts protrude into the inter row. 

 

If plant material is very expensive or in short supply the high number of plants required for 
the Tatura trellis may not be available or be uneconomic. 

 

The trellis posts need to be longer in a Tatura trellis compared to a fence trellis for the 
equivalent depth and height, because of the angled installation. However, the internal 
bracing may allow thinner posts to be used. 

 

The slope of the trellis would catch more wind than a fence trellis and the larger area of 
disturbed soil around the trellis posts may make them more prone to being blown over. 
Although reports in the literature suggest Tatura trellises perform well in strong winds. 

 

Installation of netting or other covers is likely to be easier in Tatura trellising than fence 
trellising. 

 

Due to the high labour requirements in trellis production (pruning, training, harvesting) the 
height should allow all these operations to be conducted from the ground to increase the 
efficiency and minimise the cost, a trellis height of no more than 2.2 m is recommended. 
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Chapter 2. Trellis Suitability, 
Considerations for Trellising Tropical Fruit 
Trees 

Introduction 

Trellising is a production strategy used extensively by growers of temperate fruit trees such 
as apples, pears and stone fruit. The advantages of trellising versus conventional planting in 
temperate fruit trees include, higher yields due to the use of higher tree densities, improved 
light capture and fruit quality, easier and cheaper management operations - pruning, 
pesticide application, thinning and harvesting which all result in lower costs of production. In 
temperate fruit trees the extended dormant period during winter and the use of dwarfing 
rootstocks restricts tree vigour promoting reproductive growth and reduces the pruning 
requirement. Temperate species also generally have a reliable and consistent axillary 
flowering habit hence an abundance of flowering sites and very high yielding potential which 
all contribute to the success of trellising as a production strategy. Trellising tropical tree 
species is likely to be more challenging due to the year round vigorous growth in the tropical 
environment which is further exacerbated by the lack of dwarfing rootstocks. 
 
Frequent pruning is expensive (labour intensive) and can interfere with normal flowering 
particularly in terminal flowering crops. Also many tropical species are terminal flowering so 
that the number of potential flowering/cropping sites will be low. 

 

The trellis and training systems utilised in temperate fruit trees are variable. Trellis designs 
vary widely with fence, V trellis (Tatura) and T trellis systems being the most popular. 
Training systems on these trellises can also vary from a central to multiple leaders, palmette 
to espalier depending on the crop and management choice. 

 

After the success of trellising in temperate fruit trees the concept was explored by subtropical 
fruit producers and is now a recognised production practice for custard apple. Tropical fruit 
producers have also contemplated the use of trellising in their production systems for many 
years, however it was not until after the destruction of orchards following recent cyclones that 
some innovative exotic tropical fruit producers started to trial trellis production of tropical fruit 
trees. Trellising in this case was being used primarily as a form of crop insurance against 
future cyclone damage. Five years after these initial trellis trial blocks were established the 
same region was impacted by another severe tropical cyclone. The young trellised trees 
survived the cyclonic winds with relatively little damage especially when compared to the 
conventionally planted free standing trees established at the same time. The small amount of 
damage sustained allowed the trellised trees to come back into production quickly following 
the cyclone. This compared to years to recover where serious damage had occurred without 
trellising, and up to 10 years where trees were destroyed and had to be replaced. The trellis 
prevented serious damage to the branches, stems and trunks and prevented trees from 
being blown over by stopping the wind getting any purchase on the trees and giving the trees 
additional support. 

 

For trellising to become a long term sustainable production strategy for tropical fruit 
production, as opposed to conventional planting systems, the additional capital costs of 
establishing a trellised orchard as well as providing a form of insurance against cyclone 
damage will need to demonstrate economically sustainable yields and costs of production 
over an extended period of time. 
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To assess whether a tropical fruit tree species is a suitable candidate for trellising and to 
determine the most appropriate trellis design, an understanding of the trees architecture, 
branching habit, vigour, shoot orientation and how that may or may not change as the tree 
develops, the flower position and pattern and the age of the flowering/fruiting wood is 
necessary. Some tree species may be more amenable to trellising than others. An 
understanding of these factors will also help to maximise the production potential of trees 
growing on a trellis. The aim of the trellis design and training system is to produce a branch 
scaffold able to maximise production. This chapter explains some of the issues that need to 
be considered in contemplating trellising. 

 

Branching Habit 

Growth differences are based on the type of growth; 
 

 Unbranched plants; consisting of a single stem. Horticulture examples are banana, 
papaya and pineapple. 

 Branched plants; where the initial shoot branches into multiple stems. Horticulture 
examples are fruit trees. 

 

 
 

 

 
 
 

 

 

Unbranched growth – e.g. papaya Branched growth – e.g. macadamia 

 
 

Plate 1. Fruit trees have different branching habits. 

 
Initial observations indicate that species or varieties of plants with good natural branching, 
short internodes and a compact growth habit are the most suited to trellising. 

Tree vigour 

Generally vigorous trees are less likely to be suitable for trellising as they will require 
frequent pruning to keep the trees on the wires. Frequent pruning can also interfere with 
normal flowering and encourages excessive regrowth which is expensive to control. 
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Shoot Orientation 

A trees shoots or branches can be either: 
 

 Orthotropic (vertical) - where leaves are produced spirally around a shoot. 

 Plagiotropic (horizontal/angled) - where leaves are produced alternatively on the same 
plane 

 
Trees can produce just plagiotropic shoots e.g. guava, custard apple, Soursop or a 
combination of plagiotropic and orthotropic shoots e.g. coffee, cocoa. Shoots can grow 
rhythmically as a series of flushes or in a continuous fashion, and they can grow monopodial 
(in only one direction) or sympodial (in multiple directions). 

 
Initial observations indicate that tree branches should not be trained against their natural 
growth habit. Plagiotropic shoots can be trained in any direction on a trellis and they will grow 
normally, orthotropic shoots on the other hand do much better when they trained vertically as 
in a multi leader design or to a fan shape. The trees shoot orientation will therefore be an 
important consideration in the choice of the type of trellis and how the trees are managed on 
the trellis. 

 

Plate 2. Two different types of shoots in cocoa: left – plagiotropic – leaves are produced 
alternatively on the same plane, right – orthotropic – leaves are produced 
alternatively in a spiral arrangement. 

 
 

Flower position 

The position of the flowers on a tree varies with the species, they can be: 
 

 Terminal - flowers develop directly from the end of the vegetative shoot, the shoot 
changes from vegetative to reproductive 

 Axillary - flowers develop from the leaf axils along the branch 

 Cauliflorous or ramiflorous - flowers develop directly from the main trunk or branches. 
 

The flower position is a very important consideration in trellis production, trees with axillary 
flowering will generally have many more potential flowering sites than a terminal flowering 
species. In terminally flowering species trees will need to be pruned in such a way as to 
maximise the number of terminals. 
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Terminal flowering 
e.g. lychee 

Axillary flowering 
e.g. guava 

Cauliflorous flowering 
e.g. cocoa 

 

Plate 3. The flowers on a tree can be positioned on the terminals, in the leaf axils or on the 
main stems. 

Flower timing 

Some trees flower in cycles or continuously through the year e.g. guava, cocoa, while 
others flower only once per year, triggered by environmental signals e.g. day length, water 
stress or temperature e.g. lychee, longan, coffee, mango, citrus. This is an important 
consideration in trellis production. When trees flower only once/year great care needs to be 
taken not to interfere with the normal flowering process by pruning, fertilising or irrigating at 
the wrong time which may have major consequences on the entire year’s crop. In species 
which flower throughout the year errors in management decisions are less likely to have a 
major effect on the year’s crop. 

 

Fruit arrangement and size 

Fruit can be held in leaf axils, on main stems or trunks or on panicles, they can be held in 
clusters or singularly on short or long stems, as well fruit range in size and weight. The 
arrangement of the fruit on a tree needs to be considered when trellising. Wires need to be 
spaced and branches pruned appropriately so that the fruit has room to develop without 
crowding or rubbing on each other, the trellis wires or the ground. Fruit needs to be well 
supported by the wires and ties. Small fruit held on short stems in leaf axils are easy to 
accommodate whereas large fruit or fruit held on long stems may rub on each other or the 
trellis wires and will need space and more support. Fruit thinning may overcome some of 
these issues. 

 

Age of flowering wood 

Depending on the species trees can flower from either new growth e.g. guava, custard apple 
or from older growth which may need to be from several weeks to several years in age 
before it can flower e.g. lychee, coffee, mango, durian, jackfruit . This is an important 
consideration for the timing of pruning for trees on trellis. Pruning at the wrong time would 
have serious consequences on cropping in trees which need mature wood to flower from. 
This could limit production while the trees are being established on trellis and also where 
trees are very vigorous and need to be pruned regularly to keep them trained to the wires. 
For trees which flower from new growth the regular pruning required on trellis is likely to have 
little effect on flowering. 



- 46  
-  

Plant Density 

To determine the best plant spacing on a trellis there are a number of things to consider. 
Vigorous trees can be planted further apart than slow growing trees because they will fill the 
trellis wires more quickly. If vigorous trees are planted too closely they will require more 
frequent pruning which is expensive and may reduce flowering and fruiting as well as cause 
shading and crowding. The age that the tree or wood must be to be able to flower and fruit 
also effects plant spacing. If trees can flower and fruit when they are young and from young 
wood then filling the trellis wires quickly with close plant spacing to increase early yields will 
make sense. If the tree or flowering wood needs to be a certain age before it can flower then 
there is no point filling the trellis wires before this time, therefore a wider plant spacing might 
be more appropriate. The cost and availability of planting material can also influence plant 
spacing. Planting trees closer than necessary to maximize production is a waste of planting 
material and adds unnecessarily to the already high costs of establishment. 

 

Pros and Cons 

Trellising fruit trees offers a number of advantages and some disadvantages. 
 

 

Advantages 
 

Disadvantages 

 Higher earlier production due to 
higher plant density. Heavy crop 
loads supported by the wires 

 

 Potentially higher yields per hectare, 
although this has not been 
adequately tested for tropical fruit 
trees 

 

 Higher fruit quality as a result of 
improved light interception and 
distribution, aeration, pesticide 
coverage and less wind damage 

 

 The structure can be used as a 
frame to support netting or covers to 
manipulate production 

 

 Easier and cheaper management 
operations such as pruning, 
thinning, pollination, spraying and 
harvesting with the two dimensional 
thin canopies 

 

 With a low trellis, pruning and 
harvested can be done from the 
ground reducing costs and WHS 
issues 

 

 Can reduce the damage to trees 
from storms and cyclones allowing 

 High establishment costs due to 
increased tree number per hectare 
and trellis infrastructure. Trellis 
structures in cyclone prone regions 
may have to be built to a higher 
standard (posts, wires and end 
assemblies) then conventionally 
used adding to the costs 

 

 Trellis structures require 
maintenance and they deteriorate 
with age and biodegradation 

 

 Requires a change in orchard 
management mind set 

 

 Trees need to be more intensively 
managed with more regular pruning 
which requires more labour. The 
more regular pruning may reduce 
cropping in some species 

 

 In some species it may be difficult to 
get enough fruiting wood 

 

 Efficient Irrigation and fertigation 
systems are required to maximise 
production and returns 

 

 Dwarfing rootstocks are not currently 
available for tropical fruit trees. 
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trees to get back into production 
quickly 

 

 Pruning can potentially be simplified 
due to the presence of a framework 

 

 In time, pruning and harvesting may 
be able to be done mechanically or 
robotically 

 

 May qualify for crop insurance 
 

 Makes the maximum use of 
available space 

 

 May allow wind susceptible species 
to be grown successfully. The 
structure provides support for the 
tree and fruit. Larger more mature 
trees can be planted because they 
are supported 

 

 The high plant density may allow 
excessive plant vigour to be 
controlled by competition in the root 
zone. Keeping the canopy small also 
limits the root system which helps to 
control vigour 

 

 Don’t have to spend any time 
developing a good tree structure 
which can delay production. Trees 
don’t require staking as in a 
conventionally planted orchard. 

 Access to the orchard may be 
restricted without specialised 
equipment 

 

 Damage from lightning strike, with 
conductive wires allowing whole 
rows of trees to be affected. 

 
 

 

Conclusion 

All plants can be attached to a trellis but some species will lend themselves more readily to 
trellis production than others. Our initial observations suggest that smaller, less vigorous 
species which are naturally more compact with lots of plagiotropic shoot development, trees 
which can flower several times per year and/or have axillary flowering on new wood such as 
custard apple, soursop and guava are very suited to trellising. Vigorous species with 
terminal flowering that occurs only once per year from mature wood such as mango, lychee 
and longan may be less suited to trellising but can be manipulated to flower and fruit if the 
correct varieties are selected. This is not to say that tropical fruit trees will underperform on 
trellis however, it is likely to be more problematic or may require more careful management. 
That being said, until trees of a particular species are trialled on trellis it is impossible to say 
if they will be suitable for trellis production. Essentially, each species and variety 
combination will have to be trialled on different types of trellis designs. 
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Chapter 3. Trellis Strength Requirements 

The benefits of trellising in terms of protecting crops from major damage during cyclones, 
improving yields and fruit quality, lowering the costs of production and providing a framework 
to support nets and/or covers is likely to see an increase in their use in the production of 
tropical fruits in cyclone prone areas in Northern Australia and other parts of the world. 

 

When constructing trellis frames in cyclone prone areas consideration needs to be given to 
the strength and durability of the structure. They not only need to be able to support the crop 
load but also need to be able to withstand cyclonic winds over 200 km/hr and given that most 
of the tropical fruit crops are long lived perennials, be constructed with materials able to 
endure a highly weathering, moist tropical environment for several decades with minimal 
degradation. While some information on trellis construction and design can be adapted from 
the grape, apple, pear and stone fruit industries, these industries are mostly located in 
temperate areas and the information can’t be extrapolated directly to tropical cyclone prone 
regions, with higher wind speeds and a more weathering environment. 

 

This study looks at the strength and durability required of trellis structures in tropical cyclone 
prone regions. 

 

The cyclone testing centre at James Cook University calculated the forces on an orchard 
fence trellis in different wind speeds. The height of the trellis was assumed to be 3 m with the 
first foliage wire at 0.5 m. The calculations assumed that trees established on a trellis with a 
full leaf canopy have a wind porosity of 40% (i.e. 40% of the wind passes through the tree). 
The effect of different canopy porosities on the forces on the trellis were calculated to take 
into account different crop species, young trees still filling the trellis wires and defoliation 
associated with increasing wind speeds. The results are shown in Table 1. The results 
demonstrate how the force on the trellis posts increases rapidly with wind speed, although 
the increase is moderated to some extent if it is assumed that the trees porosity would 
increase due to defoliation and loss of small branches with the increase in wind speed. The 
effect of the post spacing in the trellis on the force on individual posts is also shown. As 
expected if the post spacing is reduced the force on individual posts is also reduced. 

 

If it is assumed that the porosity of a tree crop growing on a trellis increases from 40% to 
around 80% during cyclonic winds due to defoliation, these calculations suggest that posts 
used for trellis construction in cyclone prone areas should have a breaking strain greater 
than 11.2, 8.4 and 5.6 kN/m at 12, 9 and 6 m spacing’s to survive wind speeds of up to 234 
km/hr. 
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Table 1. The effect of wind speed and tree porosity on the distributed load or force (kN/m) on 
trellis posts at different pacing’s. Based on work by James Cook University cyclone 
testing centre. 

 
Wind speed 

km/hr 

 
Tree porosity 

% 

 
Post spacing 

12m 9m 6m 

 
234 

(Cat 4 Cyclone) 

60 20 14.9 9.9 

70 15.9 11.9 7.9 

80 11.2 8.4 5.6 

 
212 

(Cat 3 Cyclone) 

60 16.3 12.2 8.1 

70 13 9.7 6.4 

80 9.2 6.9 4.5 

 
150 

(Cat 2 Cyclone) 

60 8.1 6.1 4 

70 6.5 4.9 3.2 

80 4.6 3.4 2.3 

 
 

Unfortunately, there are no listings of breaking strains for treated pine poles because they 
are used in gardening, landscaping and fencing applications rather than structural 
applications. Also because of their variability in diameter they cannot be precisely sized, 
rather they are grouped in diameter classes, for example 125 – 150 mm, thus the breaking 
strain will vary even within a single diameter class. Therefore, in order to estimate the 
breaking strain of trellis posts, research conducted by Agriculture Victoria (Mollah, 1998) was 
used. He measured the breaking strain of CCA treated pine posts ranging in size from 50 - 
75 mm to 125 – 150 mm. The breaking force was measured by applying a single force 1.4 m 
above ground level, rather than as a distributed force along the entire post as would occur in 
a trellis situation (and as such should only be used as a guide), however these findings still 
provide a good estimate of the distributed breaking strain of trellis posts, see Table 2. Bishop 
(1981) also found similar breaking strains of treated pine poles to Mollah (1998). 

 

Table 2. Estimated distributed breaking strain of different diameter CCA treated pine poles (3 m 
tall post and using a 0.8 safety factor). Based on work by Mollah (1998). 

 

Pole diameter (mm) Estimated breaking strain (kN/m) 

50 – 75 1.0 

75 – 100 2.1 

100 – 125 3.2 

125 – 150 7.0 

150 – 175 10.4 

175 – 200 15.7 

 
 

The breaking strains of CCA treated pine poles indicates that a trellis structure strong 
enough to withstand winds of 234 km/hr (assuming 80% porosity) would need treated pine 
posts 125 -150 mm in diameter with a 6 m spacing, 150 - 175 mm with a 9 m spacing and 
posts with a diameter greater than 175 mm at a spacing of 12 m. As a comparison in non- 
cyclone prone areas the pome fruit industry with similar sized trellises only use 100 – 
125 mm end posts and 0.75 – 100 mm centre posts at 15 m spacing’s. One factor not taken 
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into account in these calculations is the contribution that the trees being trellised would add 
to the strength of the trellis structure especially as they mature. 

 
The breaking strain of high tensile trellis wire (Table 3) indicates that 2.65 mm diameter wire 
would be strong enough to withstand the forces from 234 km/hr winds given that the forces 
are distributed across several wires. 

 
Table 3. Breaking strain of galvanised high tensile wire. 

 

Wire diameter (mm) Breaking strain (kN) 

2.65 6 

3.15 9 

 
 

These post and wire guidelines should be taken as a minimum requirement given that wind 
speeds could be even greater and with age and biodegradation the trellis structure is likely to 
weaken over time. Costs rapidly increase with increasing diameter of treated poles and 
hence there is a tendency to use smaller diameter posts at wider spacing’s to lower the cost 
of trellis construction. From a cyclone resilience perspective, we suggest trellis construction 
is adequately engineered to cope with the ferocity of cyclonic events. To ensure the 
maximum life of a trellis structure it is recommended to use CCA treated pine poles which 
have been treated to H5 standard for fungal and insect attack which have an estimated life of 
up to 50 years. 



- 51  
-  

Chapter 4. Trellis Design, Constructing 
Trellises in Cyclone Prone Regions 

There is a good range of publications on trellis construction for temperate orchards and these 
can be used as a guide for trellis construction in cyclone prone regions. 

Trellises need to be built strong enough to carry the estimated crop load and resist the forces 
of cyclonic winds. Failure will lead to significant tree damage and reconstruction costs. They 
need to be constructed with materials able to endure a highly weathering moist tropical 
environment for several decades with minimal degradation given that most of the tropical fruit 
crops are long lived perennials.  When designing a trellis structure in a cyclone prone region 
it is best to over engineer the structure because materials will deteriorate and weaken with 
age in the harsh climate and the severity of cyclones is predicted to increase in the future. 

 

Posts 

Material 
 

 Range of choices – hardwood, treated pine poles, concrete or steel. 

 Treated pine poles are best for strength, durability, price and they are workability. Timber 
is 20 times stronger than steel and 5 times stronger than concrete for the same diameter. 

 Pine poles can be treated in different ways e.g. copper chrome arsenic (CCA) or copper 
azole (CA), alkaline copper quaternary (ACQ) and creosole. CCA and ACQ treatments 
are applied under pressure with the material infiltrating the sapwood of the pole. ACQ 
treatment avoids the use of arsenic and is a preferred treatment for organic growers. The 
preserving treatments vary in their thoroughness, having different penetrations and 
retention levels of preserving chemicals e.g. H1, H4, H5. Creosole posts are more brittle. 

 H5 is the best treatment in a highly weathering environment (up to a 50 year life). 

Diameter 
 

An estimate of wind loads on trellises at different wind strengths and the breaking strain of 
treated pine poles (Table 1 and 2) indicates that trellis posts need to have a diameter over 
175 mm at a 12 m spacing, over 150 mm at a 9 m spacing and over 125 mm at a 6 m 
spacing. A larger diameter post as well as having more strength will also resist movement in 
the soil to a greater extent than a thinner post because of the increased surface area of the 
post. In sandy soils consider the use of a bed leg or plate on the end posts just below the 
soil surface to help resist post movement. Larger diameter posts also have a longer life 
expectancy because the wood preservative is leached more slowly than in a thinner post. 

Table 1. Wind loads (kN/m) on posts in a trellis at different wind speeds, assuming 80% tree 
porosity at 234 and 212 km/hr and 70% at 150 km/hr due to defoliation. Source: 
JCU Cyclone testing centre. 

 
 

 Post spacing 

Cyclone km/hr 12m 9m 6m 

Cat 4 234 11.2 8.4 5.6 

Cat 3 212 9.2 6.9 4.5 

Cat 2 150 6.5 4.9 3.2 
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Table 2. Estimated distributed breaking strain of CCA treated pine poles (3 m tall posts using a 
0.8 safety factor). 

 

Pole diameter 
(mm) 

Estimated 
breaking strain 

(kN) 

100 – 125 3.2 

125 – 150 7.0 

150 – 175 10.4 

175 – 200 15.7 

 
 

Depth 
 

The force a post can resist without moving is equal to the square of its depth; therefore the 
depth of the posts is critical. The ideal depths are around 0.8-1.2 m or 1/3 the depth is 
another rule often used. The resistance to movement is also affected by soil type, therefore 
in sandy soils deeper placement and larger diameter posts will be required than in clay soils. 

Ramming posts into the ground is another good technique to increase the stability of the post 
(up to 50 % more stable than augured and backfilled posts).  All posts should be rammed 
into undisturbed soil at field capacity moisture content. 

Slope 

Undulating ground increase the load forces on the most elevated parts of a trellis, therefore 
the trellis will need to be stronger than required on a flat site. 

Spacing 

The spacing of the internal posts is the key to the strength of a trellis. Close spacing helps 
carry the crop load and resists lateral wind loads. Depending on the diameter (hence 
strength) of the post, posts should between 6 and 12 m apart (see Diameter). Larger 
diameter posts, although more expensive can be spaced further apart than thinner posts, 
therefore the overall trellis cost may be similar. 

Orientation 

Trellises are usually aligned north-south for the most even light distribution. However other 
site considerations may require a different orientation e.g. slope, prevailing wind direction, 
paddock dimensions. 

Height 

The higher the trellis the stronger it will need to be because it will have to carry a larger crop 
load and resist higher lateral wind loads due to the larger surface area. Therefore, this will 
require larger diameter posts, greater depth of installation and closer internal post spacing. 
To maximize the use of the area available, the height of a trellis should be 0.67 to 0.83 times 
the width of the rows. This gives the maximum use of sunlight without creating shading. For 
example, a 2.5 m high trellis should have rows 3 m apart and a 3.5 m high trellis should 
have rows 4.5 m apart. Trellises 2.2 m or less in height are preferred due to the ease of 
management operations (pruning, spraying, thinning, harvesting), WHS concerns and 
design strength considerations. Lower trellises mean closer row spacing’s which may need 
specialized farm equipment. The main disadvantage of shorter trellises is the increased 
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number of rows (hence posts and end assemblies) required per hectare. The shorter posts 
and smaller diameter required helps to offset the cost of the additional posts. 

Nets/Covers 

The trellises should be designed to allow nets for bird, bat or insect control or covers for rain 
or sun protection to be supported off the trees. One system that could be used for a fence 
trellis is a coat hanger style tunnel net (Plate 1) as developed by Groves Grown tropical fruit. 
The advantage of this system is that the nets can be easily and quickly taken off in the event 
of a cyclone. Permanent nets are not recommended in cyclone prone areas, so removable 
tunnel netting maybe the only option. 

 

 
Plate 1. Coat hanger style netting system that could be used on a fence trellis. 

 
 

End Assemblies 

The tension that develops on the trellis wires due to crop load and wind is transferred to the 
end posts and if they are not braced or anchored sufficiently they will fail. There are three 
main types of end assemblies: 

 Anchored post 

 Strutted post 

 Box strainer 
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Anchored Post 
 

Angles are critical to distribute the forces correctly. Braces should be as high and close as 
possible to the pull force on the post. The anchor must go into undisturbed soil and be 0.8- 
1.2m deep. You can use a dead man’s block or screw anchors (Plate 2). 

 

 

 
Plate 2. Examples of anchored post end assemblies. 

Strutted Post 
 

The longer the brace post the stronger the end assembly. Braces should be around 3m in 
length and start as high and close as possible to the pull force on the post (Plate 3). The end 
post can be angled very slightly outward. 

 

 

 
Plate 3. Examples of strutted post end assemblies. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Screw 

Anchor 
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Box Strainer 
 

Generally, the box strainer is considered the strongest end assembly, but it is also the most 
expensive. A long brace post has been found to make the end assembly stronger. The brace 
post should be around 3m in length and start from as high and close as possible to the pull 
force on the post. The depth of the outside post is more critical than the depth of the inside 
post for the strength of the end assembly (Plate 4). 

 

 

 

Plate 4. Examples of box strainer end assemblies. 

Wire 

Only high tensile galvanized wire should be used e.g. Lifewire. Usually 2.65 mm diameter is 
sufficient but 3.15 mm is also sometimes used for extra strength. 

Attachment 
 

Wire should be attached to the post using 50 mm double galvanized barbed “U” nails or tied 
off with wire. Tying off with wire is the preferred option in cyclone areas as “U” nails can 
come out, especially as posts twist, crack and dry out. Be careful not to align the “U” nails 
with the grain of the wood (usually slightly off vertical) to minimise the chance of splitting. 
Holes should not be drilled through posts as this will weaken them. 

Trellis wires should be attached to the end assembly post not to the anchor. 

Spacing 
 

The first wire on a trellis should be high enough off the ground so that the branches do not 
touch the ground even when cropping. The spacing between wires on a trellis should be far 
enough apart to avoid leaf shading and fruit rubbing on branches or wires above or below. 
Consideration of the fruit size and arrangement will help to determine spacing’s. They should 
be close enough apart to provide adequate support for the crop load and use all the available 
space. Spacing’s of 40-80 cm are common. 

Tree Ties 
 

To attach the trees to the trellis wires both adjustable rubber (Ryset Easi-Ties) and hard 
plastic fasteners can be used.  The adjustable ties are good for variable sized branches. 
They stretch so they don`t cause ring barking or break easily and can be reused - however 
they are expensive. Hard plastic fasteners are cheaper and they don’t move on the wires but, 
they are brittle and can cause ring barking. 

Laterals and stems should be weaved around trellis wires as the plants are established to 
help support the trees during extreme wind events rather than just relying on the fasteners 
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for support. Trees and branches can be allowed to grow into the wires as this will provide 
further support to the trellis structure. 

Tension 
 

High tensile wire must be tensioned with ratchets, gripples or manual crank handles. The 
correct tension of 270 – 300 psi is important to avoid sag or stretching the wires. It is more 
difficult to correctly tension short rows (less than 40 m). Once the orchard is established and 
the trees are firmly attached to the trellis it may not be possible to re-tension the wires. 

Trellis design 

In choosing a trellis design there are a number of considerations: 

T trellises are usually only used where the fruit benefit from being shaded or where fruit can 
hang down clear of the foliage e.g. jackfruit or passionfruit. This can be important if fruit 
diseases are an issue. Because the lower part of the trellis is shaded all the fruit has to be 
carried on the top wires. Pruning, harvesting and spraying operations may be more difficult 
than on a V or fence trellis. For most tropical crops a V or fence trellis will probably be the 
best option especially if they require regular pruning and have multiple harvests. 

Fence trellises are good for their simplicity of construction and the good access to both sides 
of the trellis makes management operations easy e.g. pruning, training, harvesting, weed 
control and spraying. In a V trellis pruning, training and harvesting maybe more difficult 
because of access issues on the inside of the trellis especially on the top wires. This will be 
made worse if the trees are very vigorous or have multiple crops which requires regular 
pruning and harvesting. Access to the inside of the trellis may also present problems for 
mechanical harvesting and weed control. 

Vertical growth in a fence trellis remains within the trellis row so the canopy remains narrow 
and accessible even when pruning is delayed. In a V trellis any vertical growth grows into 
the inter row which interferes with access, causes shading and reduces spray coverage. 

While the double row of the V trellis gives the highest plant densities and potentially the 
highest yields it may also cause shading and be more difficult to get good spray coverage. 

The lower plant density on fence trellising can be improved by having a closer row spacing 
than is possible in V trellising. Close row spacing’s doesn’t usually cause any issues with 
machinery in fence trellising but may do so in V trellising because the top of the posts 
protrude into the inter row. 

If plant material is very expensive or in short supply the high number of plants required for 
the V trellis may not be available or be uneconomic. 

The trellis posts need to be longer in a V trellis compared to a fence trellis for the equivalent 
depth and height because of the angled installation. However, the internal bracing may allow 
thinner posts to be used. The slope of the trellis would catch more wind than a fence trellis 
and the larger area of disturbed soil around the trellis posts may make them more prone to 
being blown over. Although reports in the literature suggest V trellises perform well in strong 
winds. 

Installation of netting or other covers is likely to be easier in V trellising than fence trellising. 

Due to the high labour requirements in trellis production (pruning, training, harvesting) the 
height should allow all these operations to be conducted from the ground to increase the 
efficiency and minimise the cost. A trellis height of no more than 2.2 m is recommended. 
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Chapter 5. Economics of Trellising 

An economic analysis comparing the profitability of a conventionally planted orchard with a 
trellised orchard for custard apple and rambutan was conducted (see appendix). The 
analysis took into account differences in yield, fruit quality (pack out rate) and production 
costs between the two production systems. The data for custard apple were taken from 
commercial trellised and non-trellised orchards whereas the data for rambutan are best 
estimates as there are no commercial trellised rambutan orchards. The economic analysis 
also studied the effect of variations in market prices, yields and the risk of being impacted by 
a cyclone on the profitability of the various production systems. The probability of a cyclone 
occurring and the severity was calculated using historical data from the Bureau of 
Meteorology. In assessing the benefits of trellising in terms of protecting the crops from 
cyclone damage, estimates of the level of tree damage and the time it takes the trees to 
recover and get back into normal production following a severe cyclone were made for the 
analysis. 

 

As well as the economic analysis, an excel spread sheet in which producers can input their 
own data to determine the economics of trellising for their own circumstances was developed 
(see appendix). This decision tool allows producers to see how changes in yields, market 
prices, fruit quality, set up costs, labour costs and the risk of a cyclone occurring, affects the 
economics of trellis production. 

 

The study found that the improvement in yield and fruit quality in custard apples under trellis 
production (either palmette or V) more than compensates for the increased capital costs of 
setting up the trellises. Trellising cost $30-38 000/ha to set up which was more than 50% of 
the total establishment costs. The increase in yields necessary to cover the cost of trellising 
were 1% in the palmette system and 14% in the V trellis system (which compares to actual 
yield increases of 37 % and 120 % respectively). In rambutan a yield increase of 15 % was 
required to justify the additional capital costs associated with setting up a V trellis system. 
However, when the risk of cyclones and the level of protection afforded by trellising was 
factored into the Rambutan analysis, the yield increase necessary to justify the added cost of 
trellising decreases to 8%. 

 

The economic decision tool shows that small differences in yields or market prices can have 
a big influence on the profitability of trellis production. For rambutan if the average market 
price was $10/kg, a yield increase of 6% would justify the cost of trellising, however if the 
market price was only $6/kg a yield increase of 35% would be necessary. The results also 
show that if production per hectare increases to full production more rapidly (2-3 years 
earlier) under trellising compared to conventional orchards due to the high plant densities, 
then even if the final yields of the two production systems are the same, trellising is more 
profitable. This was the case for custard apple and has also been found in several tropical 
fruit species (e.g. mango, longan and guava) in the trellis trials conducted in this project 
(see chapter 1), but was not assumed in the rambutan economic analysis. 

 

When considering the risk of cyclones and the damage they cause, the decision tool shows 
that if the risk of being impacted by a cyclone were to increase due to climate change or the 
location of the property (e.g. Far North vs Central Queensland or Northern Australia vs South 
East Asia) then the yield increases required to justify the added costs of trellising decrease. 
For example, if the risk of being impacted by a cyclone doubled, the yield increase required 
to justify the cost of trellising decreases from 15% to 4% in rambutan. Also, it is assumed that 
once more than 50% of the trees in a mature conventional orchard are destroyed in a severe 
cyclone, the orchard has to be completely replanted rather than being salvaged then the 
profitability of trellising is 8% greater than that of the conventionally planted orchard in the 
rambutan analysis. In this analysis only the risk of cyclones was considered however the 
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trellis would also serve to protect the orchard trees and fruit from other extreme wind events 
for example during thunder storms. 

 

As most tropical crops require netting to protect the fruit from insects, birds or bats it would 
seem appropriate to utilise the trellis structure for this purpose. If the difference in capital 
costs for netting a conventionally planted versus trellised orchard are assumed to be around 
$15,000 more, then the profitability of the trellised rambutan orchard surpasses that of the 
conventional orchard. The trellis structure could also be used to support rain out covers or 
hail nets to protect crops. 

 

Tree density also plays a role in the economics of trellising by influencing how quickly the 
trees fill the trellis wires and how quickly the orchard reaches full production. If the crop is 
very vigorous the trees may be able to be planted at lower densities and still reach full 
production quickly. Also if the trees or wood has to reach a certain age before it can crop 
(e.g. jackfruit, durian) then there is no advantage having a higher plant density to fill the 
wires before this time. As the plant density affects the capital costs of establishing a trellised 
block, high densities if they are not required and high tree prices can significantly reduce the 
economics of trellising. 

 

The labour requirements for pruning and training trees on a trellis are significantly greater 
than required in conventionally planted orchards. This is particularly true in the early years of 
establishment but also even when the trees are mature given that mechanical pruning can be 
used in conventionally planted orchards. Although it has been assumed in this work that all 
pruning in the trellis systems will have to be done manually, it is possible that some of the 
pruning could be done mechanically in the future. The labour requirements in each of the first 
three years of establishment used in the custard apple analysis were 55 days/ha/year for the 
V trellis and 33 days/ha/year for the palmette trellis, compared to only 12.5 days/ha/year for 
the conventionally planted trees. After the third year the pruning requirements reduced to 12 
- 13 days/ha/year for the trellised trees and 10 days for the non-trellised trees. Similar high 
pruning labour requirements (23 - 83 days/ha/year) during the first few years of 
establishment were found in the trellis trials conducted in this project. Once the trees have 
filled the trellis wires and training is complete it is conceivable that some pruning operations 
may be able to be done mechanically (e.g. hedging and topping) to reduce the overall 
pruning labour requirements. The higher early and total yields in full production and the 
improved fruit quality in the trellised custard apples more than compensates for this high 
labour requirement. 

 

In rambutan the estimated labour requirements in each of the first three years of 
establishment were 5, 10 and 15 days/ha/year in the trellised trees and less than 2 in the 
non-trellised trees which was much lower than in custard apple or was found for a range of 
tropical tree crops in the trellis trials in this project. Once established the labour requirements 
were estimated at 12.5 and 5 day/ha/year in the trellised and the non-trellised trees 
respectively. Despite the lower pruning labour requirements in rambutan, the similar rate of 
yield increase per ha and yield in full production estimated for the trellised and non-trellised 
trees resulted in the profitability of trellising being lower due to the higher costs of 
establishment. 

 

This economic analysis has demonstrated that the profitability of trellis production compared 
to conventional planting is highly dependent on how quickly the trees get into full production, 
the yield in full production, the fruit quality and market prices and the additional labour costs 
for pruning and training. The results from the custard apple and rambutan analysis and the 
yield, fruit quality and pruning and training labour requirements data collected from the trellis 
trials on a broad range of tropical tree crops in this project (Chapter 1) suggests that trellising 
will be a viable option for many tropical tree crops. The viability is further enhanced when the 
level of protection afforded against damage from cyclones by trellising is factored in, 
particularly if the threat of cyclones increased in the future. 
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Chapter 6. Propagation of Tropical Fruit 
Trees 

After a cyclone, growers of tropical fruit trees wishing to re-establish or re-plant a damaged 
orchard are faced with the problem of a lack of planting material. Some of the species can be 
propagated from seed which can produce a lot of plants cheaply and if the seedlings produce 
a good tap root this may provide the tree some extra resistance to uprooting. A tap root could 
also be a disadvantage if the seedlings are kept in a nursery for any length as this may 
compromise the root structure. Propagation via seed is also dependent on when the stock 
trees are bearing fruit, seedling trees are also usually slower to start cropping and don’t 
usually grow true to type. For these reasons many of the tropical species are propagated via 
air layering or grafting, therefore require specialised nursery techniques and can be 
expensive and take a considerable length of time to be ready for planting. Grafted trees may 
also be influenced by the rootstock they are propagated on. A technique to propagate these 
trees from cuttings would greatly benefit the recovery of the tropical fruit industry following 
damage after a cyclone. Trees developed from cuttings are also usually cheaper because 
large numbers can be produced from a small amount of propagation material and in a 
relatively small area with low set up costs. Trees developed from cuttings may also develop a 
better, stronger, deeper root system compared to trees propagated via air layering or trees 
which have been held in a nursery for a long time. This could make the plants more resilient 
to uprooting due to better anchorage in the soil. 

 
The aim of this research was to determine if it is possible to propagate a range of tropical 
crops from cuttings. The crops evaluated were Rambutan, Durian, Abiu, Cocoa, Longkong, 
Jackfruit, Rambai, Lychee, Carambola, Canistel and Wax Jambu. 

 
Materials and Methods 

During these trials a combination of different varieties, media, wood ages (softwood and semi 
hardwood) and rooting hormones including a range of concentrations and dipping times were 
tested. All the trial work was carried out in misting chambers inside either a shade house or a 
glass house. Most of the initial trial work was done on propagating rambutan, but later the 
findings were extended to other tropical species. 

 

Propagation chambers varied in construction material and dimensions but the design 
principles were the same. Misting chamber beds made from fibreglass or timber were 
constructed on galvanised raised benches. Shade cloth or weed mat was placed on the 
bottom of the bed and covered with a sheet of polystyrene and an electric foil and 
thermostatically controlled heat mat (Sage Horticulture) was placed on top of this. The beds 
were then filled with washed river sand (25 mm deep) for drainage. 

 

The top of the misting chambers were made from either clear perspex or polycarbonate UV 
sheeting. Access into the chambers was via removable/sliding doors also made of perspex 
or polycarbonate sheeting. Irrigation was supplied by fine droplet size misting heads 
(Netafim) (Plate 1). 
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Plate 1. Propagation chamber set up inside a glasshouse. 

The propagation of cuttings involved selecting material from the crop to be propagated. The 
propagation material selected was either young soft wood or semi hard wood. The best 
material to use depends on the crop species and needs to be determined for each 
separately. Cuttings were trimmed to 3-15 nodes or 10-20 cm in length and most of the 
leaves removed leaving just 3-4 which were cut in half to a quarter (depending on the size of 
the leaf). 

 

After selecting and preparing the cuttings they were dipped in a rooting hormone to 
encourage the development of roots. There are a large range of commercial products 
available. Most of the products contain indole-3-butyric acid (IBA), although others contain 
Naphthalene Acetic Acid (NAA) and Indole Acetic Acid (IAA) all of which are synthetic 
auxins. Most of the trial work involved using various forms and concentrations of these 
rooting hormones including the potassium salt of IBA (K-IBA). 

 

After dipping the cuttings in the rooting hormones for various lengths of time (30 seconds to 5 
minutes) they were placed in a free draining soilless media with some moisture retaining 
properties. Easy to strike ornamentals can be grown directly in washed river sand, however 
for the propagation of more difficult species e.g. tropical crops, media with a sand and/or coir 
and/or peat and/or perlite mix were found to be more suitable. The pre made bonded peat 
products (Q plugs and Preforma plugs) were also trialled. These had a pre drilled hole in the 
centre for inserting the end of a cutting. The Q plugs are no longer available in Australia but 
may be sourced from overseas. 

 

The cuttings were then placed in the misting chamber with bottom heat (280 C) and air 
temperatures of 24-350 C. The misters ran between 6am and 6pm on a repeat cycle 
throughout the day for 1 minute every 15 minutes. A small 12V fan on a timer was also used 
to help circulate and cool the air in the misting chamber. The misting chambers were covered 
with 35% shade cloth during summer to help moderate temperatures. 

 

Rambutan (Nephelium lappaceum) 

Trial 1 

A trial examining how different concentrations of the rooting hormone K-IBA, affects the 
rooting ability of different varieties of rambutan was conducted. Both soft and semi 
hardwood propagation material was used. Cuttings (100 of each) were dipped in a 0.5, 1, 3, 
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5 or 10 g/L K-IBA plus 1% Benlate solution for 30 seconds and then placed in a 60:40 sand 
peat mix and put in the misting chamber. 

 

Cuttings were assessed after two months. The results are shown in Table 1. The cuttings 
that produced roots were almost entirely from semi hardwood material. The results indicate 
that there are differences between varieties in their rooting ability. No clear trend of the effect 
of the K-IBA concentration was seen. Overall the low success rates achieved in this trial 
were thought to be due to the media being too heavy and remaining too wet and the 

extremely high temperatures (> 350 C) occasionally reached in the misting chamber at this 
time of year. 

Table 1. The effect of different concentrations of the rooting hormone K-IBA on the percent 
rooting of semi hardwood cuttings in different varieties of Rambutan. 

 

 Variety 

Concentration 134 156 167 Jitlee R9 

500 mg/L 0 0 0 5 5 

1 g/L 0 0 0 35 15 

3 g/L 0 0 0 5 10 

5 g/L 0 0 0 20 5 

10 g/L 0 0 0 15 0 

 
 

Trial 2 
 

In this trial the effect of wood age and the dipping time in the rooting hormone on the rooting 
ability of cuttings (50 of each) from the variety 134 was investigated. Both soft and semi 
hardwood cuttings were dipped in a 1 g/L K-IBA plus 1% Fongarid solution for either 30 
seconds or 5 minutes, and then placed in a 60:40 sand peat mix and put in the misting 
chamber. 

 

Cuttings were assessed after two months. The results are shown in Table 2. With the poor 
rooting percentages, it was difficult to make any conclusions about the effect of the 
hormone dipping time or the age of the cutting material. The low success rate in this trial 
was attributed to the variety or the propagation material used for the cuttings, the low K-IBA 
concentration, and possibly the cutting media being too wet. 

 

Table 2. The effect of wood age and the dipping time of the rooting hormone K-IBA on the 
rooting ability of cuttings (variety 134). 

 

30 second dip Five minute dip 

Softwood Semi hardwood Softwood Semi hardwood 

6% 4% 4% 6% 

 
 

Trial 3 
 

In this trial the effect of the rooting hormone K-IBA and ringing the branches with a cable tie 3 
days prior to collecting the propagating material on the rooting ability of semi hardwood 
cuttings from the variety 134 was investigated. Cuttings (24 of each) were collected from 
ringed and non-ringed branches and either dipped or not dipped in a 9 g/L K-IBA plus 1% 
Fongarid solution for 5 minutes, and then placed in a 50:50 coir perlite mix and put in the 
misting chamber. Cuttings were assessed after two months. The results are shown in Table 
3. The high strike rate achieved in this trial with the variety 134 which had proved difficult to 
get roots to form in the earlier trials suggests that ringing the branches, using a high 
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concentration of the rooting hormone K-IBA and using a 50:50 coir perlite media is a good 
way to stimulate rooting in cuttings of Rambutan. 

 

Table 3. The effect of the K-IBA and ringing the branches 3 days prior to collecting cuttings on 
the rooting ability of semi hardwood cuttings (variety 134). 

 

K-IBA 9 g/L No Hormone Applied 

Ringed Normal Ringed Normal 

70% 0 14% 0 

 
 

Trial 4 
 

In this trial 36 semi hard wood cuttings from the variety 167 were collected and dipped in a 9 
g/L K-IBA plus 1% Fongarid solution for 5 minutes, and then placed in a 50:50 coir perlite mix 
and put in the misting chamber. Cuttings were assessed after two months. Root development 
was very slow (perhaps because of the variety) but gradually after 5 months 50% of the 
cuttings had produced roots which compared to no roots in trial 1. This was thought to be 
due to the better rooting media and cooler temperatures in the misting chamber. 

 

Trial 5 
 

In this trial the effect of different rooting hormones or honey on the rooting ability of semi 
hardwood cuttings from the variety R9 was investigated. Cuttings (24 of each) were either 
dipped or not dipped in a solution of 10 g/L K-IBA plus 1% Fongarid, 1.6 g/L K-IBA plus 1.6 
g/L 1-Naphthylacetic Acid (NAA) (esiroot) plus 1% Fongarid or honey for 5 minutes, and then 
placed in a 50:50 coir perlite mix and put in the misting chamber. Cuttings were assessed 
after two months. The results are shown in Table 4. As expected the cuttings which had been 
dipped in the highest concentration of rooting hormone produced the most roots (Plate 2). No 
roots were produced on the control cuttings. Interestingly the cuttings treated with honey 
produced more roots than the untreated control cuttings. 

 

 
Plate 2. Successful semi hard wood cutting of R9. 
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Table 4. The effect of different rooting hormones or honey on the rooting ability of semi 
hardwood cuttings from the variety R9. 

 

Honey K-IBA K-IBA + NAA Control 

29% 75% 43% 0% 

 
 

Trial 6 
 

In this trial the effect of different rooting hormones on the rooting ability of semi hardwood 
cuttings from the varieties R9 and 162 were investigated. Cuttings (24 of each) were dipped 
in a solution of 10 g/L K-IBA plus 1% Fongarid or 3 g/L IBA (Purple Clonex Gel) for 5 
minutes, and then placed in either a 50:50 coir perlite mix or Q plugs and put in the misting 
chamber. Cuttings were assessed after two months. The results are shown in Table 5. There 
was a big difference in the success rate between the varieties but little difference between 
the two rooting hormones. The 100% success rate achieved in the variety 162 was the 
highest achieved across all the trials. In the variety R9 the cuttings in the coir perlite mix 
produced more roots than cuttings in the Q plugs. 

 

Table 5. The effect of different rooting hormones and cutting media on the rooting ability of 
semi hardwood cuttings from the varieties R9 and 162. 

 

 

 
Variety 

 

Q Plugs 
3 g/L IBA 

(Purple Clonex) 

 

Q Plugs 
10 g/L K-IBA 

 

Coir/Perlite 
10 g/L K-IBA 

R9 25% 25% 60% 

162 100% 88% NA 

 

 
Trial 7 

 

In this trial 24 semi hard wood cuttings from the variety 134 were collected and dipped in 8 
g/L IBA (Red Clonex Gel) for 5 minutes, and then placed in to Preforma plugs and put in the 
misting chamber. Cuttings were assessed after two months. Root development was very fast 
with over 70% of the cuttings having root development within this time period. The results 
demonstrate that the rooting ability of a variety can vary greatly depending on the rooting 
hormone concentration and the cutting media used. 

 

After the success in propagating Rambutan using cuttings the results were extended to a 
range of other tropical crops to test if similar techniques could be used in other species. 

 

Durian (Durio zibethinus) 
 

In this trial the effect of different formulations of the rooting hormone IBA on the rooting ability 
of semi hardwood cuttings from two seedling durian trees was investigated. Cuttings (24 of 
each) were dipped in 3 g/L IBA (Purple Clonex Gel), 8 g/L IBA (Red Clonex Gel) for 5 
minutes or 8 g/kg IBA Powder, and then placed in Preforma plugs and put in the misting 
chamber. Cuttings were assessed for root development over five months. The results are 
shown in Table 6. Although difficult to draw any definite conclusions about the best 
formulation of IBA, the gels are probably slightly better for striking Durian cuttings. The 
results do show that Durian can be propagated by cutting using IBA and Preforma plugs 
although root development was slow taking up to five months to form roots (Plate 3). 
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Table 6. The effect of different formulations of IBA on the rooting ability of semi hardwood 
cuttings from seedling Durian trees. 

 

Seedling Durian 
3 g/L IBA 

(Gel) 
8 g/L IBA 

(Gel) 
8 g/kg IBA 
(Powder) 

Tree A 33% 23% 22% 

Tree B 13% 25% 13% 

 
 
 

 

Plate 3. Durian cutting in a Preforma plug. 

 

 
Carambola (Averrhoa carambola) 

 

In this trial 36 semi hard wood cuttings from a seedling Carambola tree were collected and 
dipped in 3 g/L IBA (Purple Clonex Gel) or 8 g/L IBA (Red Clonex Gel) for 5 minutes, and 
then placed in to Preforma plugs and put in the misting chamber. Cuttings were assessed for 
root development over five months. The results showed there was little difference between 
the two IBA rates both achieving a success rate of 27%. Root development was slow, taking 
up to five months to produce roots (Plate 4). 
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Plate 4. Carambola cutting in a Preforma plug. 

Cocoa (Theobroma cacao) 
 

In this trial 18 soft and semi hard wood cuttings of plagiotropic branches from a seedling 
Cocoa tree were collected and dipped in 3 g/L IBA (Purple Clonex Gel) for 5 minutes, and 
then placed in to Preforma plugs and put in the misting chamber. Cuttings were assessed for 
root development over two months. The results showed that soft or semi hard wood cuttings 
of Cocoa are easy and fast (< 2 months) to strike using IBA and Preforma plugs with a 71 to 
77% success rate (Plate 5). 

 

 
Plate 5. Cocoa cutting in a Preforma plug. 
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Lychee (Litchi chinensis) 
 

In this trial the effect of different formulations of the rooting hormone IBA and the method of 
cutting preparation, on the rooting ability of semi hardwood cuttings from the variety Fay Zee 
Siu was investigated. Cuttings (24 of each) were taken using either a straight cut or an 
angled cut (to increase the surface area) from the branches. These were dipped in 3 g/L IBA 
(Purple Clonex) or 8 g/L IBA (Red Clonex) gel or 3 g/Kg IBA or 8 g/L IBA powder for 5 
minutes and then placed in Preforma plugs and put in the misting chamber. Cuttings were 
assessed for root development over three months. The results are shown in Table 7. Taking 
the cuttings using an angled cut mostly improved their rooting ability presumably because of 
the increased surface area of the cut allowing more contact with the rooting hormone (Plate 
6). The Powdered formulation of the rooting hormone was generally not as effective as the 
Gel, especially when the cutting was taken with a straight cut and the surface area is small. 

 

Table 7. The effect of different formulations of IBA and the cutting preparation on the rooting 
ability of semi hardwood cuttings from the variety Fay Zee Siu. 

 

IBA Formulation Straight Cut Angled Cut 

3g/L IBA 
(Purple Clonex Gel) 

17% 33% 

8g/L IBA 
(Red Clonex Gel) 

17% 17% 

3g/kg IBA 
(Powder) 

0% 17% 

8g/kg IBA 
(Powder) 

0% 33% 

 
 

Plate 6. Lychee cutting in a Preforma plug. 

 

 
Longkong (Langsium domesticum) 

 

In this trial the effect of different formulations of the rooting hormone IBA on the rooting ability 
of soft and semi hardwood cuttings from Longkong was investigated. Cuttings (18 of each) 
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were dipped in 3 g/L IBA (Purple Clonex) or 3 g/Kg IBA or 8 g/L IBA powder for 5 minutes 
and then placed in Preforma plugs and put in the misting chamber. Cuttings were assessed 
for root development over seven months. The results are shown in Table 8. Rooting was very 
slow taking three to seven months to produce roots. The rooting ability was better in the soft 
wood cuttings than in the semi hard cuttings. Although difficult to draw any definite 
conclusions about the best formulation of IBA to use, the 8 g/L Gel produced the highest 
percentage of cuttings with roots (Plate 7). 

 

Table 8. The effect of different formulations of IBA on the rooting ability of soft and semi 
hardwood cuttings from Longkong. 

 

Rooting Hormone Soft Wood Semi Hard Wood 

3g/L IBA 
(Purple Clonex gel) 

42% 17% 

8g/L IBA 
(Red Clonex gel) 

75% 67% 

3g/kg IBA 
(Powder) 

58% 17% 

8g/kg IBA 
(Powder) 

50% 17% 

 
 

 

Plate 7. Longkong cutting in a Preforma plug. 

 

 
Wax Jambu (Syzygium samarangense) 

 

In this trial, 24 soft and semi hard wood cuttings from a Wax Jambu tree were collected and 
dipped in either 3 g/L IBA (Purple Clonex Gel) or 8 g/L IBA (Red Clonex Gel) for 5 minutes, 
and then placed in to Preforma plugs and put in the misting chamber. Cuttings were 
assessed for root development over two months. The results showed that soft or semi hard 
wood cuttings of Wax Jambu are easy and fast (< 2 months) to strike using IBA and 
Preforma plugs with an 89 to 100% success rate (Plate 8). 

 
 



- 68  
-  

 
 

Plate 8. Wax Jambu cutting in a Preforma plug. 

 

 
Rambai (Baccaurea motleyana) 

 

In this trial the effect of different formulations of the rooting hormone IBA on the rooting ability 
of semi hardwood cuttings from male and female Rambai trees was investigated. Cuttings 
(100 of each) were dipped in 3 g/L IBA (Purple Clonex), 8 g/L IBA (Red Clonex) gel or 3 g/Kg 
IBA or 8 g/L IBA powder for 5 minutes, or left untreated and then placed in Preforma plugs 
and put in the misting chamber. Cuttings were assessed for root development over two 
months. The results are shown in Table 9. Generally, it is reasonably easy to get roots to 
form on cuttings of Rambai (Plate 9). It is also not certain if the lower success rate in the 
female trees was due to the sex of the tree or just differences between trees. 

 

Table 9. The effect of different formulations of IBA on the rooting ability of semi hardwood 
cuttings from male and female Rambai trees. 

 

Rooting Hormone Male Female 

3g/L IBA 
(Purple Clonex gel) 

33% 25% 

8g/L IBA 
(Red Clonex gel) 

50% 42% 

3g/kg IBA 
(Powder) 

92% 58% 

8g/kg IBA 
(Powder) 

67% 0 

Control 50% 17% 
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Plate 9. Rambai cutting in a Preforma plug. 

Abiu (Pouteria caimito) 
 

In this trial the effect of different rooting hormones on the rooting ability of soft wood cuttings 
from Abiu trees was investigated. Cuttings (18 of each) were dipped in 3 g/L IBA (Purple 
Clonex), 8 g/L IBA (Red Clonex) gel or 3 g/Kg IBA or 8 g/L IBA powder or 0.075 g/L of 
Naphthalene Acetic Acid (NAA) and 0.075 g/L of Indole Acetic Acid (IAA) (Auxinone) for 5 
minutes, or left untreated, and then placed in Preforma plugs and put in the misting chamber. 
Cuttings were assessed for root development over five months. The results showed that soft 
wood cuttings of Abiu are easy to strike with or without a rooting hormone in Preforma plugs 
with a 72 to 96% success rate, although root development was slow (2 – 5 months) (Plate 
10). 

 

Plate 10. Abiu cutting in a Preforma plug. 

Jackfruit (Artocarpus heterophyllus) 
 

In this trial the effect of different rooting hormones on the rooting ability of soft wood cuttings 
from the shoot tips (leaves hardened) of Jackfruit trees was investigated. Cuttings (100 of 
each) were dipped in 3 g/L IBA (Purple Clonex), 8 g/L IBA (Red Clonex) gel or 3 g/Kg IBA or 
8 g/L IBA powder, or 0.075 g/L of Naphthalene Acetic Acid (NAA) and 0.075 g/L of Indole 
Acetic Acid (IAA) (Auxinone) for 5 minutes or left untreated and then placed in Preforma 
plugs and put in the misting chamber. Cuttings were assessed for root development over four 
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months. The results are shown in Table 10. The soft wood cuttings all produced roots, 
however higher success rates were achieved with the rooting hormone IBA (Plate 11). There 
was not much difference between the different forms or rates of IBA. 

 

Table 10. The effect of different rooting hormones on the rooting ability of soft wood cuttings 
of Jackfruit. 

 

Rooting Hormone 
Cuttings 
rooted 

Control 33% 

0.075g/L IAA & NAA 
(Auxinone) 

25% 

3g/L IBA 
(Purple Clonex gel) 

58% 

8g/L IBA 
(Red Clonex gel) 

75% 

3g/kg IBA 
(Powder) 

83% 

8g/kg IBA 
(Powder) 

75% 

 
 

Plate 11 Jackfruit cutting in a Preforma plug. 

Canistel (Pouteria campechiana) 
 

In this trial the effect of different rooting hormones on the rooting ability of soft wood cuttings 
from the shoot tips (leaves hardened) from Canistel trees was investigated. Cuttings (18 of 
each) were dipped in 3 g/L IBA (Purple Clonex), 8 g/L IBA (Red Clonex) gel or 3 g/Kg IBA or 
8 g/L IBA powder or 0.075 g/L of Naphthalene Acetic Acid (NAA) and 0.075 g/L of Indole 
Acetic Acid (IAA) (Auxinone) for 5 minutes, or left untreated, and then placed in Preforma 
plugs and put in the misting chamber. Cuttings were assessed for root development over 
three months. The results showed that soft wood cuttings of Canistel are easy to strike with 
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or without a rooting hormone in Preforma plugs with a 58 to 100% success rate (Plate 12). 
There was a slight decrease in success with the higher rates of IBA. 

 

 
Plate 12. Canistel cutting in a Preforma plug. 

Conclusion 

The trials have demonstrated that many of the tropical tree crops can be successfully 
propagated using cuttings. The variation between species, varieties and even individual 
plants within a variety demonstrates that many factors including physiological factors in the 
tree affect the success of striking cuttings. The best combination of, the type of plant 
material, rooting hormone (type, form, concentration), time of cutting removal from the parent 
tree and cutting media vary and need to be determined for each species separately. 
Although not every combination of factors were tested across all species in these trials, 
some general recommendations for all species can be made. 

 

Wood Age 
 

Soft or semi hard wood cuttings were always more successful than hard wood cuttings. 
Increasing the carbohydrate levels of the propagation material by ringing the branches prior 
to collecting cuttings can increase success rates. 

 

Rooting Hormone 
 

Higher concentrations of K-IBA (9-10 g/L) or IBA (8 g/L) in gel form and dipping for 5 minutes 
are usually more successful than using low concentrations or powdered forms or no rooting 
hormone. Using cuttings cut on an angle may improve the strike rate by increasing the 
surface area and contact with the rooting hormone. 

 

Media 
 

The best results were with the premade bonded peat products (Q plugs or Preforma plugs) 
or a 50:50 coir perlite mix. These media ensure good drainage with moisture retention and 
ensure good contact with the cutting. 

 

Temperatures 
 

The misting chamber used for striking cuttings in these trials had a bed temperature around 
280C and air temperatures around 24-340C. 
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Irrigation 
 

Cuttings should be irrigated by misting at regular intervals to ensure the leaves never dry out, 
but that the cuttings are not too wet. 



- 73  
-  

Chapter 7. The Effect of Pot Design on the 
Rooting Stability of Orchard Trees 

Tropical fruit trees are susceptible to being blown over, uprooted or even pulled out of the 
ground completely by cyclonic winds. Observations following recent cyclonic events suggests 
that many of these trees have a compromised root system. This may have been caused by 
the soil conditions limiting root development (e.g. rocks, waterlogging, hard pans) or damage 
to the root system by insects, disease or when they were planted. However, in many cases 
the root systems show evidence that they have been compromised while still in the nursery. 
Many plants show signs of root bounding, spiralling root balls and damaged tap roots. These 
symptoms can often be traced back to poor pot selection in the nursery or plants spending 
too long in the pots before planting in the field. The use of small or short pots or plastic bags 
with no air root pruning or anti spiralling features in the nursery may aggravate these 
symptoms. 

 

Materials and Methods 

A trial was conducted to examine the effect pot design and pot size has on shoot and root 
development of a fast growing seedling tree in a nursery and to determine if the design of the 
nursery pot affects the rooting stability or anchorage of trees after they have been planted in 
the field. 

Jackfruit was chosen for the trial because it is fast growing and is propagated by seed, so 
that the plants root system could be developed entirely in the nursery pot. Six pot designs 
were chosen which varied in depth, width, volume, root pruning and anti-spiralling features 
(Table 1, Plate 1). 

 

Table 1. The dimensions and design features of the pots used. 
 

 Features 

 
Pot design 

Volume 
(L) 

Depth 
x width 

(cm) 

Depth/width 
ratio 

Anti-spiralling 
features 

Root 
pruning 
features 

Olive 0.97 18 X 8 2.25 none none 

Square rocket 1.5 20 X 8 2.5 yes yes 

Anti-spiral 1.6 16 X 14 1.14 yes yes 

Citrus 3.7 24 X 15 1.6 none minimal 

Poly bag 6.7 38 X 15 2.5 none none 

Round rocket 8.0 25 X 19 1.3 Yes yes 
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Plate 1. Pot designs used in the trial – Anti-spiral, Citrus, Poly bag, Olive, Round rocket and 
Square rocket. 

 

 
The pots were filled with a good quality commercial potting mix and a single pre germinated 
Jackfruit seed planted in each. Trees were grown in a shade house, well-watered, fertilised 
and kept free of pests and diseases. Six plants from each pot design were then destructively 
harvested at 16 months of age to examine the root development and measure the shoot and 
root dry weights. At the same time five plants from each pot design were also planted out in 
the field in a replicated trial (2 m x 4 m). In addition to this, six plants from the square rocket 
pots were also planted with a 45 cm deep root barrier which was placed into the planting hole 
at the time of field planting and two other plants were deep planted (25 cm below the soil 
surface). These field planted trees were destructively harvested (uprooted) 18 months after 
planting to evaluate their rooting stability or resistance to uprooting. Trees had grown well 
since planting and were fairly uniform at the time of harvest, ranging from 3 to 4 m tall with a 
35 to 50 cm girth (Plate 2). 
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Plate 2. Jackfruit trees 18 months after field planting, just prior to uprooting. 

 

 
A tractor and chain with a load cell fitted was used to measure the force required to pull the 
trees over, as might occur in cyclonic winds (Plates 3 and 4). The chain was secured around 
the trunk of the trees 1 m above ground level. The trees were then pulled over until they 
uprooted and the force required to do so recorded. The trial was harvested when the soil was 
roughly at field capacity to try and maximise treatment (pot design) effects. If the soil had 
been very wet all trees may have been uprooted easily and if it had been very dry it may 
have been too difficult to uproot the trees. 

 

Plate 3. A tractor and chain with a load cell fitted was used to measure the pull force to uproot 
the trees. 
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Plate 4. Load cell with pull force meter. 

Results 

In the nursery the plants and root systems generally increased in weight proportionally with 
the pot volume. The exceptions were the square rocket pots in which the root systems were 
better developed and the avocado bags in which the roots systems were less developed than 
expected. The size of the plants nor the size of the root systems of the plants from the 
different pots at the time of planting could be used to accurately predict the rooting stability of 
the field grown trees. The ratio of the root weight to the pot volume is shown in Table 2 and 
indicates that the olive and square rocket pots have the most developed root systems relative 
to their pot sizes while the poly bags and the citrus pots have the least developed root 
systems relative to their pot sizes. The differences in the rooting stability (see later) between 
trees established from these pots indicated that this ratio cannot be used by itself to 
determine a trees likely rooting stability. 

 

Table 2. The ratio of the root dry weight to pot volume for the 6 pot types. 
 

Pot Type Ratio 

Olive 33 

Round rocket 16 

Square rocket 37 

Poly bag 5 

Anti-spiral 20 

Citrus 14 

 
 

Similarly, the shoot root weight ratio shown in Table 3 couldn’t be used by itself to determine 
a trees likely rooting stability. The reason these measurements do not accurately predict the 
rooting stability of field grown trees is most probably due to the fact that they do not take into 
account the structure or form of the root system and the extent of root spiralling, root 
bounding or air pruning in the root system. The uprooting force measurements (see later) 
suggests that the pot dimensions and the anti-spiralling and root pruning attributes of the pot 
are the most important features for developing a tree with a strong root system. 
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Table 3. The shoot root weight ratio for the 6 pot types. 
 

Pot Type Ratio 

Olive 2.4 

Round rocket 2 

Square rocket 2 

Poly bag 2.9 

Anti-spiral 2.6 

Citrus 2.8 

 
 

The force required to uproot individual trees varied from 2050 to 9010 N (Table 4). The 
variability between individual plants within the same pot design suggests that genetic 
differences between the plants (plants raised from seed, rather than clonally) may have 
influenced the geometry and rooting pattern more than the pot design. Despite this, 
significant differences (P<0.05) were observed in the ease of uprooting (anchorage) between 
the different pot designs (Table 4). 

The results indicate that the plants established from the citrus pots and the square rocket 
pots produced field grown trees with the strongest root systems making them more resistant 
to uprooting, requiring 7866 and 7527 N of force respectively to pull them over. At the other 
end of the scale the plants established from the olive pots required significantly less force 
(3961 N) to uproot them than the square rocket, anti-spiral or citrus pots. To a lesser degree 
the plants established from the round rocket pots and the poly bags also produced field 
grown trees with poor root systems making them prone to uprooting (Table 4). It was 
observed that the poor root systems developed from the olive pots resulted in over half of the 
trees having a severe lean. 

Table 4. The uprooting force for the 6 pot types and the plants planted with root barriers or 
deep planted. Figures followed by the same letter are not significantly different 
(P<0.05). 

 

Pot Type Uprooting Force 

Olive 3961  b 

Round rocket 5798 bc 

Square rocket 7527  c 

Poly bag 5968 bc 

Anti-spiral 6572  c 

Citrus 7866  c 

  

Square rocket 4763 b 

Square rocket 2050 a 

 
 

There was only a small effect of tree girth on the force required to uproot trees and the 
results did not change when it was taken into account. 

The trees planted with root barriers had a significantly lower mean resistance to uprooting 
compared to conventional planting, 4763 versus 7527 N (Table 4). Observations of the root 
systems showed that the root barrier had reduced the spread of lateral roots and forced the 
roots downward (Plate 5), this may have improved the resistance to uprooting if the trees had 
been given more time to establish before they were uprooted 

Deep planting did not improve tree anchorage and in fact made the trees significantly more 
prone to uprooting (Table 4). Deep planting appeared to damage the root system. 
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When the performance of individual trees is studied (Table 5) it can be seen that at least one 
tree from each pot type had developed a root system resistant to uprooting. This suggests 
genetic differences in root system development plays a role in a trees ability to resist 
uprooting as well as the nursery pot design. Despite this the number of trees easily uprooted 
was lower and the number trees resistant to uprooting was higher in the trees established in 
the citrus and square rocket pots compared to the olive and round rocket pots. 

Table 5. The ease of uprooting individual trees for each pot type. 
 

Pot Type 
No. of trees easy to uproot 

(<4500 N) 
No. of trees difficult to 

uproot (>7000 N) 

Olive 4 out of 5 1 out of 5 

Round rocket 2 out of 5 1 out of 5 

Square rocket 0 out of 5 3 out of 5 

Poly bag 1 out of 5 1 out of 5 

Anti-spiral 0 out of 5 1 out of 5 

Citrus 0 out of 5 4 out of 5 

 

 

Discussion 

The differences in the uprooting resistance (anchorage) between pot designs appears to be 
related to the anti-spiralling nature of the pot, the pot depth and the depth/diameter ratio of 
the pot, rather than the size of the root system or the root to shoot ratio of the plants prior to 
planting. Pots with good depth and good depth relative to their diameter and/or anti-spiralling 
and root pruning features performed the best. The Olive pot which had no anti-spiralling or 
root pruning features and was the smallest pot and was the most root bound prior to planting 
performed the worst. In comparison the square rocket pot which has similar dimensions to 
the olive pot but has excellent anti spiralling and root pruning features, is slightly deeper and 
has a slightly better depth/diameter ratio, produced a very good root system resistant to 
uprooting. Excellent lateral and tap root development was observed in several of these trees 
after uprooting. 

The poor result from the round rocket pot despite its large volume, good depth and anti- 
spiralling and root pruning features was unexpected. The reason appears to be related to the 
low depth/diameter ratio of the pot and the large size of the plants prior to planting. The large 
trees had the most developed root systems at planting (twice the weight of any other pot) but 
these did not develop as well as in the trees with smaller less developed root systems post 
planting. In several of these trees bad root spiralling was observed despite the anti-spiralling 
features of the pot. This indicates that trees may develop better root systems in the field 
when they are established from smaller trees with less developed root systems giving the 
tree the opportunity to re-establish its root system post planting without the hindrance of a 
pot. In more advanced trees in large pots the root systems are already well-developed in the 
pots prior to planting so the root system has less opportunity to redevelop once planted. 

The good depth and depth/diameter ratio of the citrus pot and less extensive root 
development prior to planting (root dry weight to pot volume ratio of 14), appear to have 
contributed towards producing plants with excellent root systems resistant to uprooting 
despite not having any anti-spiralling and only minimal root pruning features. 

Observations of the root systems after the trees were uprooted indicated that both good 
lateral root development and a well-developed tap root are required to provide strong 
anchorage and resistance to uprooting (Plate 5). Having good lateral root development 
without a good tap root or a good tap root without good lateral root development (as was the 
case with the root barriers) provides the tree little resistance to uprooting. 
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Plate 5. Root system from one of the trees planted with a root barrier and a tree with good 
lateral root development. 

Conclusion 

The results from this trial indicate that for a fast growing tropical tree species such as 
Jackfruit a deep pot with a high depth/diameter ratio and anti-spiralling and root pruning 
features should produce plants that establish quickly and develop strong root systems 
resistant to uprooting. Deep planting and the use of root barriers to try and force roots deeper 
offered no benefits to uprooting resistance and are not recommended. The variability 
between plants grown in the same pots suggests there are genetic influences on the 
geometry and structure of the root system. The results of this trial may have been different 
with a different species of plant or if the seedlings had been left in the pots for a different 
length of time prior to planting out or if the trees had been grown for a different length of time 
in the field before uprooting. 
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Chapter 8. The Effect of Defoliation on Tree 
Wind Loads 

Producers have observed that orchard trees with poor foliage cover due to water stress, 
pruning, insect attack, nutrient deficiency, disease or some other reason tend to survive 
strong winds with less structural damage and uprooting than lush densely foliated trees, 
presumably due to these trees having a lower wind resistance. This observation suggests 
that purposely reducing a trees foliage cover prior to a cyclonic event may help protect trees 
from the worst of the damaging effects of strong winds. Observations also indicate that some 
species of trees are able to withstand damage from strong winds better than others. During 
strong winds fruit trees can be severely damaged by uprooting or having their main trunk, 
stems and/or branches broken. This can result in tree death or at least a loss of production 
for many years while the trees recover. Where tree damage is significant plants may 
succumb to sunburn and disease in the period following damage and die sometime later. 

 

An understanding of the factors influencing the forces on a tree during strong winds and how 
foliage cover affects this, may lead to management strategies that can be used by producers 
to protect their crops. 

 

An experiment was conducted to examine how the wind load (forces) on a tree increases 
with increasing wind speed as would occur during a storm or cyclone. The effect of 
defoliation, canopy shape and structure on the wind loads was also examined by purposely 
defoliating trees and studying fruit trees with different canopy shapes and structures. 

 

Material and Methods 

For each of the fruit tree species (Avocado, Mango, Lychee, Longan, Lime, Macadamia and 
Cashew) a major branch or stem (2-3 m x 2-3 m) was cut from a mature tree and used for 
the trials. The branches were selected to be as representative as possible of the canopy 
shape and structure (foliage cover, arrangement of the branches) of a mature tree for the 
particular tree species. The branch was firmly secured by the base of the main stem to a 
frame in a car trailer so it could not move and a load meter was then attached to the upper 
part of the canopy via a cable to measure the force on the tree (Plate 1). 

 

Measurements of the force on the tree at different wind strengths was then made by towing 
the trailer at different speeds. The force on the tree was recorded at 20-30 km increments up 
to 120 km/hr. The force on the tree branch was then recorded in exactly the same way after 
roughly 20-40%, 50-80% and 100% of the leaves had been removed evenly from all parts of 
the tree by hand (Plate 2 and 3). The actual percentage of leaves removed from the branch 
canopy was calculated by measuring the leaf area of the leaves removed and comparing it to 
the leaf area of the whole tree branch. 
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Plate 1. A representative branch of each species of tree was firmly secured to a frame in a car 
trailer as shown. A load cell attached to the upper part of the canopy via a cable 
was used to measure the force on the tree branch. 

Plate 2. Leaves were removed evenly from all parts of the tree branch by hand. 

 

Plate 3. The wind load on the branches was recorded when 20-40%, 50-80% and 100% 
(pictured) of the leaves had been removed from the tree branch. 

 

Preliminary measurements of wood strength and flexibility in Avocado, Macadamia and Lime 
were made by securing different diameter pieces of branch from each tree in a vice and 
attaching a cable with a load cell (20 cm above the anchor point) to an electric winch. The 
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branches were then pulled with the winch and the force required to break the branch and the 
amount of flex from the vertical at the time of breakage measured. 

 

Results 

As expected the force on the trees increased with increasing wind speeds (Figure 1). If the 
trees were solid or fixed objects like a wall, the force would be expected to increase 
exponentially with wind speed. However, because the leaves and branches move and 
change shape as the wind speed increases it allows some wind to pass through the tree, so 
that the increase in the force on the trees with wind speed is less than exponential. The wind 
load increased the fastest in the tree species with the most densely foliated canopies e.g. 
avocado, lychee and longan which had a leaf area to canopy volume ratio of more than 4, 
potentially making them more vulnerable to damage from strong winds. The wind load 
increased more slowly in the species with less densely foliated canopies e.g. mango and 
cashew which had a leaf area to canopy volume ratio of less than 2, potentially making them 
less vulnerable to damage from strong winds. Interestingly, soft flexible leaves did not 
necessarily allow wind to pass through the canopy any more easily than hard stiff leaves 
once the wind speed increased. At high speed, soft flexible leaves flap violently which 
creates a lot of wind resistance so the force on the tree increases rapidly with wind speed 
e.g. avocado, lychee and longan (Figure 1). When the leaves are stiffer they don’t flap as 
much so the wind can pass over them more easily and the force on the tree doesn’t increase 
as rapidly with increasing wind speed e.g. macadamia, mango and cashew (Figure 1). 
Whether this observation continues at higher wind speeds is unknown. These observations 
may partially explain why avocado, lychee and longan trees have shown to be more prone to 
damage in cyclonic winds than species such as mango and cashew. 

 

As expected increasing levels of defoliation reduced the wind loads on all species of trees 
studied at all wind speeds (Figure 1). The differences between the wind loads on the trees 
between the different levels of defoliation also increased as the wind speed increased. With 
full leaf cover the forces increase rapidly with wind speed whereas with partial and full 
defoliation the force on the tree increases more gradually. The reduction in the wind load at 
120 km/hr on a tree as the result of defoliation is shown in Table 1. Averaged across all the 
fruit trees studied the force on the trees decreased by 26.1%, 52.9% and 74.2% when 
31.9 %, 62.9% and 100% of the leaves respectively were removed from the canopy. This 
highlights the potential for defoliation to be used as a cyclone mitigation strategy by reducing 
the wind load on a tree. 
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Figure 1. The effect of wind speed and level of defoliation (shown on each chart) on the wind 
load (force) on various species of fruit tree. 
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The largest decreases in wind load with defoliation occurred in the trees with the densest 
canopies (high leaf area to canopy volume ratio) e.g. avocado, macadamia, lychee and 
longan. The smallest decreases in wind load with defoliation occurred in the trees with the 
least dense canopies (low leaf area to canopy volume ratio) e.g. cashew, lime and mango. 
This would suggest that avocado, macadamia, lychee and longan trees may benefit more 
than cashew, lime and mango trees from purposely reducing the foliage cover to reduce the 
damaging effects of cyclonic winds. However, factors such as the stiffness of the foliage (see 
earlier discussion), the ease with which leaves and small branches are stripped from the tree 
in strong winds, the branch architecture, the wood strength and flexibility and the structure of 
the root system are all also likely to play key roles in the trees ability to survive cyclonic 
winds with minimal damage. 

 

Preliminary measurements of wood strength and flexibility indicate large differences in the 
breaking strain and flexibility of branches of different crop species (Table 2). Tree species 
with flexible wood e.g. lime and avocado may be better able to shed the forces of strong 
winds than species with stiff branches e.g. macadamia, while trees with soft wood with a low 
breaking strain would be more vulnerable to damage from cyclonic winds e.g. avocado. In 
reality it is probably a combination of these factors and the actual wind strength that 
determines different tree species ability to survive cyclonic winds with minimal damage. 

 

Table 1. The effect of defoliation on reducing the wind load (force) on different fruit trees in 
winds of 120 km/hr. 

 

 
 

Species 

 
 

% leaf removed 

 

% reduction in 
wind load 

Avocado 
30 38.9 

63 75 

100 89.8 

Macadamia 
23 33.8 

46 68.8 

100 81.3 

Lime 
30 17.8 

56 34.8 

100 62.2 

Cashew 
35 17.5 

69 28.5 

100 52.6 

Mango 
40 16.7 

66 39.1 

100 64.3 

Lychee 
31 27.6 

74 76.6 

100 91.1 

Longan 
34 30.4 

66 47.8 

100 78.3 



- 85  
-  

Table 2. The breaking strain and flexibility (measured at 20 cm from the anchor point) of 
different diameter branches of different tree species. 

 

 
Species 

Branch diameter 
(mm) 

Force required to 
break the branch (N) 

Maximum flex before 
breaking (cm) 

Avocado 
20 164  

30 694 18 

40 1740  

Lime 
20 470  

30 724 25 

40 3174  

Macadamia 
20 455  

30 684 10 

45 3727  

 
 

Conclusion 

Although many factors probably contribute towards a trees ability to survive cyclonic winds, 
this experiment shows that irrespective of the plant species, reducing a trees foliage cover 
does reduce the forces on the tree which should help to reduce the damage caused by 
cyclonic winds. The large reductions in the forces on the trees with partial defoliation indicate 
that it may not be necessary to remove all of the leaves from a tree in order to protect it from 
being damaged by cyclonic winds. How a producer might go about reducing the foliage cover 
of their orchard trees prior to a cyclonic event is the subject of the next chapter. 
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Chapter 9. Chemical Defoliation and 
Recovery of Fruit and Forestry Trees 

Severe tropical cyclones cause major damage to fruit trees and forestry plantations by 
breaking and twisting branches, stems and main trunks and uprooting whole trees. This 
results in a loss of production for several years while the trees recover, or worse the death of 
trees. If damage is severe enough across an orchard or plantation the whole area may have 
to be completely replanted. While trellising may be able to protect newly established 
orchards from cyclonic winds, for already established orchards and forestry plantations there 
needs to be alternative solutions. 

 

It has been observed by producers in previous cyclones that orchard trees with small canopy 
surface areas or poor foliage cover tend to survive strong winds with less structural damage 
than lush, densely foliated trees. The poor foliage cover could be the result of water stress, 
pruning, insect attack, nutrient deficiency or disease Trial work in this project (Chapter 8) has 
also shown that purposely defoliating a tree by hand greatly reduces the wind load on the 
tree which would help to protect it from the damaging effects of cyclonic winds and thus 
could potentially be used by producers to reduce the impacts of cyclones on their orchards or 
plantations. Purposely reducing a trees canopy cover could be done by mechanical means 
such as pruning however specialist equipment is often required which may not be available 
at short notice and it is likely to be impractical to implement prior to a cyclonic event given the 
short lead times. On the other-hand chemical defoliation to reduce a trees canopy cover prior 
to a cyclone may be a practical alternative, given that nearly all producers own spraying 
equipment and that the treatment could be applied quickly and at short notice once the 
impact from a cyclone looks certain. Given current forecasting technologies it is reasonable 
to expect that producers would have no more than 24-48 hrs. notice that a direct impact from 
a cyclone is certain. Therefore, for defoliation to be an effective option it needs to be able to 
cause leaf abscission within 24-48 hrs. or at least cause leaves to loosen so that they are 
shed in the first gusts of wind prior to the development of cyclonic winds. Also trees need to 
be able recover from the treatment and resume normal flowering and cropping within a 
reasonable time frame. 

 

Another important consideration in the use of chemical defoliation to protect trees is the 
increased susceptibility of the trees following the treatment to sunburn, given that the canopy 
cover has been reduced rapidly in the middle of summer. Sunburn is also likely to be an 
issue for all trees suffering canopy damage after a cyclone. A good sun block would need to 
last for 6-12 months (hence be rain fast) as this is how long it could take for a trees canopy to 
re-establish after a cyclone and it also needs to be opaque enough to block most of the 
harmful sun rays. 

 

These research trials aimed to identify suitable chemical defoliants for a broad range of 
tropical tree crops including forestry species, test a range of sun block products to prevent 
sunburn and follow the recovery of a number of fruit tree species following defoliation. 

 
Material and Methods 

 
Individual branches on a large range of tropical tree crops including forestry species were 
treated with a number of different chemicals known to cause defoliation in specific crops. The 
chemicals chosen and the rates trialled are listed in Table 1. 
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Table1. The chemicals chosen and the rates trialled in the defoliation trials. 
 

Chemical Reason for selection (rates trialled) 

Zinc sulphate 
Used for defoliation in stone fruit and grapes 
(5, 10, 20%) 

Sodium 

chlorate 
Used as a desiccant/defoliant in cotton and potatoes 
(3, 5, 8%) 

Boron 

(solubor) 

Causes leaf burning and leaf drop in avocado and 
lychee (3, 5, 10%) 

Urea 
Causes leaf burning in a broad range of plant species, it 
is cheap and would not require registration (10, 20, 
30%) 

Ethrel 
Causes abscission of leaf, flowers and fruit in a broad 
range of crops (3, 5, 8%) + 3% urea 

 
 

All treatments were applied as foliar sprays. Initially the branches were treated with the 
lowest rates of the chemicals, if defoliation and/or leaf loosening did not occur within 24-48 
hours, stronger concentrations were trialled. Trees were treated in hot tropical conditions 
during Feb/March/April and then again in the dry season in July/August to determine if 
climatic conditions or the stage of growth in the tree at the time application influenced the 
degree of defoliation. 

 

The products “Surround” (finely ground kaolin) at 5 and 10% and micro fine lime at 5, 10 and 
20% were trialled by themselves and in combination with the wetters/stickers “Envy” at 5%, 
exterior water based paint at 5, 10 and 20%, “Agral” at 5% and “Duet” at 5% for their 
suitability as a sunblock to prevent sunburn following defoliation. 

 

After determining suitable defoliation and sunblock treatments mature avocado, mango, 
cashew, coffee, macadamia, carambola, longan, lychee and guava trees were defoliated, a 
sunblock applied and the recovery in growth, flowering and cropping monitored. 

 

Results 

Defoliation 
 

Foliar sprays of boron, zinc and urea at all the rates tested had no effect on defoliation or leaf 
loosening within 24-48 hrs of application on any of the crops tested. There was some leaf 
burning in some crops however this did not cause defoliation or leaf loosening. Similarly, with 
sodium chlorate, it caused significant leaf burning in several crop species however this did 
not cause defoliation or leaf loosening and often made the leaves less prone to defoliation by 
destroying the abscission response so that the leaves were held more tightly. 

 

Ethrel was the only product tested in this trial that caused rapid defoliation (by promoting the 
development of the abscission layer) in the sufficiently short time frame required in any of the 
tree species tested. The response was not affected by the time of year or the stage of growth 
in the tree. Generally, the higher the rate of application the greater and faster the response. 
However, as the rate increased so did the damage to the tree with the death of young 
shoot tips and branches. As the best compromise between defoliation and minimal tree 
damage the rate of 5% is recommended. The speed and effectiveness of ethrel for 
defoliation was found to improve with the addition of 3% urea which presumably helped 
with the uptake of the ethrel. The level of defoliation and leaf loosening using a 5% ethrel, 
3% urea mix varied with species as shown in Table 2. As can be seen for some species 
including guava, custard apple, star apple, coffee, durian, pomelo and lime, emergency 
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defoliation prior to a cyclone to reduce the damaging effects of cyclonic winds is likely to be 
an effective strategy. For other species including jackfruit, lychee, mango, macadamia and 
cocoa however, the leaves could not be removed or loosened in a sufficiently short time 
frame, therefore emergency defoliation could not be used in these crops. The leaves on 
these crops did eventually shed 4 to 10 days after treatment which is too slow for the 
required protection. The partial defoliation of some species may be sufficient to reduce the 
wind load on the trees enough to protect them from damage in strong winds given the 
reduction in the force on a tree with even 50% defoliation found in earlier trials (Chapter 8). 

 

Table 2. The level of defoliation and leaf loosening 24-48 hrs after applying a foliar spray of 5% 
ethrel +3% urea. 

 
Leaves drop easily 

(>50% defoliation, 

leaves 50- 80% looser) 

Partial leaf drop 

(10-30% defoliation, 

leaves 30-50% looser) 

Leaves difficult to drop 

(< 10% defoliation, 

leaves <10% looser) 

Guava Hog Plum Malay Apple Jackfruit 

Rolina Durian Abiu Lychee 

Custard Apple Lang Sat Canistel Mango 

Star Apple Mandarin Avocado Macadamia 

White Sapote Pomelo Kwai Muk Kaladang 

Black Sapote Lime Rambai Teak 

Longan Fig Rambutan Cocoa 

Cashew Leptospernum Mangosteen 
Corymbia torelliana 

(Cadaghi) 

Coffee Woolly Butt Wax Apple  

Carambola Melaleuca Eucalyptus pellita  

African 

Mahogany 
Soursop 

  

 
 

Sunburn protection 
 

Trial work indicates that surround at 5 or 10%, fine lime at 10 and 20% and water based 
paint at 20% all provide a good degree of sun block on tree stems and branches. Surround 
and fine lime however are not rain fast and therefore lose their sun block properties after a 
relatively short period of time. Adding the wetters Agral and Duet did not increase the rain 
fast properties greatly. Adding a water based exterior paint at 5% or Envy at 5% however did 
increase the rain fast properties of both fine lime and Surround, extending their life as a sun 
block for 6 – 12 months. It was concluded from these studies that the most cost effective and 
long lasting sunburn protection is a 1:4:20 mix of an exterior water based white paint, micro 
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fine lime and water (i.e. 1 l paint (5%), 4 kg lime (20%) mixed in 20 l of water), this only 
requires a single application to last for 12 months and can be applied through standard spray 
equipment. 

 

Whole trees 
 

Whole avocado, mango, cashew, coffee, macadamia, carambola, longan, lychee and 
guava trees were completely defoliated using a 5% ethrel 3% urea mix and then covered 
with a sunblock (1:4:20 paint, lime, water mix) to prevent sunburn. Trees completely 
recovered from defoliation over a period of 2 - 3 years although young shoot tips and small 
branches (< 1 cm diameter) were burnt and died. Trees took 3 - 8 weeks for the first shoots 
to appear after the defoliation. After 6 months around 20 - 40 % of the canopy had been 
restored, this increased to 40 - 60 % after 1 year and complete canopy cover and return to 
flowering and cropping after 2 - 3 years (Plates 1-7). The recovery was slightly faster in 
guava, carambola and coffee. 

 
 
 

Plate 1. A Longan tree prior to and after defoliation and application of a sunblock. 
 

 

Plate 2. A Longan tree 3 months and 6 months after the defoliation treatment. 
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Plate 3. A cashew tree prior to and after defoliation and application of a sunblock. 

Plate 4. A cashew tree 3 months and 6 months after the defoliation treatment. 

   

Plate 5. An avocado tree prior to and after defoliation and application of sunblock. 

 
 

 
 



- 91  
-  

   
 

Plate 6. Coffee trees prior to and after defoliation and application of a sunblock. 
 

 

Plate 7. Coffee trees 3 months and 1 year after the defoliation treatment. 

 

 
The recovery of these trees indicates that emergency defoliation could be used in some 
crops to protect the trees from cyclonic winds. The slow recovery of the leaf canopy and 
return to normal production (2- 3 years) however indicates that this treatment should not be 
taken lightly and should only be done when the impact from a severe cyclone is certain. That 
being said, the loss of production would be a small price to pay if the alternative was total 
destruction of a 10-15 year old fruit orchard by a severe tropical cyclone. 

 

Discussion 

The variation between species in the ease of defoliation means that producers growing 
different crops than those tested in this trial will need to trial the ethrel (5%) urea (3%) mix on 
their crop species to determine if emergency defoliation is a strategy that could be used in 
their situation. 

 

The recovery time of trees may be shortened by partially rather than completely defoliating 
trees. In earlier trials it was found that reducing a trees leaf cover by 50% could reduce the 
wind loading by up to 60% which may be all that is required to protect a tree from cyclonic 
winds. Leaves could also be removed from just the upper part of the canopy (by directing the 
spray application) where the wind forces are likely to be greatest rather than over the whole 
tree which may also speed up the recovery time. 
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Unfortunately, there are some major crop species which could not be defoliated quickly 
enough (24 - 48 hr) to be able to use emergency defoliation as a strategy to minimise 
cyclone damage e.g. jackfruit, lychee, mango, macadamia and cocoa. For these species if a 
suitable defoliant cannot be found, mechanical pruning, keeping the trees small, growing 
them on trellis and a good wind break may offer alternative strategies to minimise cyclone 
damage. 

 

Discussions with the Australian Pesticide and Veterinary Medicine Authority (APVMA) 
indicate that the prospects of getting a minor use permit for the use of ethrel for emergency 
defoliation in an orchard situation are good. The small areas likely to be treated, the rare and 
occasional use, the extended interval between application and return to cropping and similar 
use patterns in other cropping situations (nut drop, defoliation to aid harvest) would all be 
looked on favourably in a permit application. The APVMA has indicated that a minor use 
permit for this emergency use would still require environmental and WHS approval. 
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Chapter 10. Windbreaks for Cyclone Prone 
Regions 

Windbreaks are an important part of planning a tropical fruit orchard in a cyclone prone 
region. The main purpose of windbreaks is to lower wind speeds in the orchard to prevent 
direct damage to the trees (tree twisting, trunk splitting, limb breakage, uprooting) during a 
cyclone. The best time to establish windbreaks is before planting the orchard so that 
protection is provided from when the trees are established. Trees are particularly vulnerable 
to cyclone damage when they are very young before the root system is fully established and 
the branches are young and fragile. The importance of tree stability in a windbreak means 
the selection of stock trees for planting is especially important. The plants must be small, 
young and have well-formed root systems free from spiralling and not be pot bound. The 
ground should be thoroughly and deeply ripped in all directions particularly in heavy soils or 
where hard pan layers exist so that the root systems can fully develop. The windbreak should 
be given infrequent, deep irrigations to encourage deep rooting. 

 

The most effective windbreak is one that has been carefully designed. The key design 
features for an orchard windbreak in a cyclone prone region are permeability; height, width, 
formation, access points, maintenance and species selection. 

 

Permeability 

A permeable windbreak allows wind to filter through it rather than blocking it as a solid 
windbreak does and this provides a greater zone of protection behind the windbreak. 
Permeability can be achieved by adjusting plant spacing’s and/or by the choice of species 
used and pruning (Figure 1). 

 

 
Figure 1. A permeable windbreak. 

A dense windbreak causes a lot of wind turbulence close to the windbreak, so that the area 
of protection behind the windbreak is actually reduced (Figure 2). A very dense windbreak is 
also more vulnerable to being damaged itself in a cyclone because the trees catch the full 
force of the wind. 
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Figure 2. A dense windbreak. 

Height 

The higher the windbreak the greater the area of protection. On level ground, a windbreak 
will reduce the wind speed for a distance of up to 25 times its height. Maximum wind 
protection is achieved within a distance of 5 to 15 times the tree height. To avoid the need for 
very tall trees (which are more vulnerable to being damaged or blown over in a cyclone) to 
protect a large orchard it may be better to have a few shorter windbreaks spread through the 
orchard. 

 

Width 

For the best results, the width of a windbreak should be no more than three times its 
expected final height. A wider block of trees will initially deflect the wind upwards the same 
as a narrower windbreak but the wind will then start to run along the top of the windbreak 
until it reaches the edge where it then funnels into the orchard with a lot of speed and 
turbulence causing a lot of damage, thus a wide windbreak only provides a very short area of 
protection (Figure 3). An orchard situated next to the edge of a forest, particularly a dense 
rainforest is therefore actually more vulnerable to wind damage than an orchard protected by 
a separate free standing windbreak. 

 
 
 

 
Figure 3. A narrow windbreak (top) and a wide windbreak (bottom). 
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Formation 

Single-row windbreaks may be the only option if space is limited and they can be effective if 
the species used has dense foliage to ground level. However, any tree deaths will cause 
gaps which will reduce the windbreak’s effectiveness. Also trees in single rows are more 
vulnerable to being blown over than trees in multi rows in which trees get some mutual 
support and protection from neighbouring trees. If practical, windbreaks with two to three 
staggered rows are preferred for most orchards. 

 

In multiple-row windbreaks, a variety of tree species with a range of sizes, shapes and 
foliage can be used to create a permeable barrier from the ground up to the height of the 
tallest trees. Tall trees should be positioned in the centre of the windbreak and smaller, 
bushy trees and shrubs on the outside. 

 

 

Plate 1. A multi row planting of Casuarina cunninghami or a single row of Syzygium cumini 
forms an excellent windbreak. The trees respond well to pruning which maintains 
the original designed width, porosity and height. 

 
 

Access points 

Gaps in a windbreak are required for access to the orchard but funnelling can greatly 
increase wind speeds in these areas causing significant damage. This problem can be 
reduced in wide windbreaks by having the access points aligned at 45° to the prevailing wind 
direction (Figure 4). Another solution is to plant trees outside the main windbreak to block the 
gaps. 
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Figure 4. Windbreak with access points aligned at 45° to the prevailing wind to prevent 
funnelling. 

Maintenance 

An effective windbreak requires regular maintenance just like the orchard trees and need 
regular irrigation and fertiliser. An often overlooked task is to keep the trees pruned so that 
they can be maintained at the original designed width, porosity and height. Unpruned trees 
are likely to become too dense reducing the windbreaks porosity and too tall making the 
trees vulnerable to damage or being up rooted in cyclonic winds which can cause major 
damage to orchard trees. Keeping a windbreak regularly pruned will prevent the trees from 
becoming too large to manage. 

 

Plate 2. Caribbean pine (Pinus caribaea) can be a good windbreak if kept pruned, but is a poor 
windbreak when allowed to become too tall because they lose their lower branches 
and are prone to uprooting which can cause major damage to orchard trees. 

 
 

Species selection 

Although all trees have an upper limit of tolerance to strong winds some species are better 
than others at resisting damage. Plants able to survive cyclones typically lose leaves easily 
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or have thin leaves and/or an open architecture that allows wind to pass through them e.g. 
she oaks, callistemon, leptospermum and they also lose small branches or tops of trees but 
rarely large branches or major stems. They often have sturdy flexible trunks and good root 
systems with well-developed tap and lateral roots and therefore don’t easily uproot which can 
cause significant damage to orchard trees if they are blown over. Often local or native trees 
from tropical regions prone to cyclones will have developed mechanisms to cope with 
cyclonic winds making them particularly useful in windbreaks. 

 

As well as choosing plant species able to survive cyclonic winds, other factors considered 
highly desirable for windbreak plants for an orchard in a cyclone prone area are: 

 

 maintains good foliage cover to ground level even with age. Regular pruning and the 
use of multiple rows and different species can also achieve the same effect 

 responds well to pruning and therefore can be maintained at the original design 
parameters (porosity, width, height) 

 long lived – orchard trees are generally long lived perennials therefore the windbreak 
also needs to be able to live for many decades 

 should not harbour undesirable insect pests or diseases that are likely to attack the 
orchard trees. 

 

Given these requirements and using information from cyclone related reports (see listed 
references), and growers and researchers’ observations from past severe cyclones 
throughout northern Australia, a list of cyclone resistant plant species suitable for use in 
windbreaks and cyclone vulnerable species that should not be used in windbreaks is shown 
in Table 3. 

 

Table 3. Plant species suitable (cyclone resistant) and not suitable (cyclone susceptible) for 
windbreaks in cyclone prone regions. * Particularly resistant. 

 

 
Cyclone Resistant Species 

Suitable for tall windbreak plants 

Scientific name Common name 

Agathis robusta Kuari Pine* 

Araucaria cunninghamii Hoop Pine 

Argyrodendron spp. Tulip Oak 

Bambusa oldhamii Oldhami Bamboo 

Corymbia clarksoniana Bloodwood 

Corymbia tessellaris Moreton Bay Ash 

Eleaocarpus grandis Silver Quandong* 

Eucalypt cloeziana Gympie Messmate* 

Eucalypt grandis Flooded gum or Rose gum* 

Eucalypt pellita Red Mahogany 

Eucalypt resinifera Red Mahogany 

Eucalypt robusta Swamp Mahogany 

Flindersia brayleana Queensland Maple* 

Lophostemon confertus Brush box 

Lophostemon grandiflorus Northern Swamp Mahogany 

Mangifera indica Mango 

Nauclea orientalis Leichardt Tree* 

Syncarpie glomulifera Turpentine 

Tamarindus indica Tamarind 
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Suitable for mid-sized windbreak plants 

Scientific name Common name 

Artocarpus heterophyllus Jackfruit 

Calophyllum inophyllum Mastwood, Beach Touriga* 

Canarium australianum Mango bark 

Caryota mitis Clumping fishtail palm 

Castanospermum Black bean 

Casuarina cunninghami River She-oak* 

Casuarina sp. She-oaks 

Corymbia ptychocarpa Swamp Blood Wood* 

Melaleuca leucadendra Weeping Paperbark 

Melaleuca leucadendron Weeping Paperbark* 

Melaleuca quinquenervia Broad Leaved Paperbark 

Melaleuca viridiflora Broad Leaved Paperbark 

Meleleuca fluviatilis Paperbark 

Syzygium cumini Java plum* 

Syzygium paniculatum Magenta cherry 

Syzygium tierneyanum River cherry 

Tectonia grandis Teak 

Xanthostemon spp Penda species* 

Suitable for low growing windbreak plants 

Scientific name Common name 

Arenga australasica Native sugar palm* 

Bambusa heterostachya Malay dwarf bamboo 

Callistemon salignus White Bottlebrush 

Dypsis lutescens Golden cane palm 

Eugenia uniflora Brazilian Cherry 

Grevillea baileyana White silky oak* 

Leptospermum madidum Weeping Tea Tree* 

Leptospermum petersonii Lemon scented tea tree 

Manilkara zapota Sapodilla 

Melaleuca bracteata River Tea Tree 

Melaleuca viminalis Weeping bottlebrush 

Syzygium leuhmanni Cherry Satin Ash* 

Cyclone susceptible species 

Scientific name Common name 

Acacia mangium Brown Salwood 

Acacia sp. Wattles 

African mahogany Khaya senegalensis 

Albizia lebbeck Indian Sirus 

Eucalypt tereticornis Forest Red Gum 

Eucalypt Microcorys Tallow wood 

Ficus benjamina Weeping Fig 

Melia azedarach White Cedar 

Miraya paniculata Mock orange 

Peltophorum pterocarpum Yellow Flame Tree 
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Artificial windbreaks 

Artificial windbreaks can be used in place of natural windbreaks. There are a number of 
significant differences between the choices. Artificial windbreaks can be engineered to be as 
strong as required to survive cyclones and provide exactly the required protection to the 
orchard by adjusting their permeability. They can be expensive but they work very well, are 
quick to set up and require little maintenance (don’t need irrigating, fertilising or pruning). 
Artificial windbreaks also don’t take up as much valuable orchard space or compete with 
orchard trees for resources and they don’t harbour insect pests or diseases like a natural 
windbreak does. 
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Chapter 11. Cyclone Mitigation Strategies 
for Animal Production Industries 

Materials and Methods 

Besides tree crops a range of animal industries are also impacted by cyclonic winds. 
Information was collected on cyclone mitigation strategies that are used and could be used in 
animal production industries to reduce the damage caused by cyclonic winds to their 
businesses. The information was collected by consulting with industry organisations, 
individual producers and extension officers servicing each of the industries (dairy, beef, 
aquaculture, poultry). The collective findings for each industry are presented. 

 

Results 

Dairy sector 
 

There are currently 52 farms supplying the National Foods factory at Malanda with 50ML of 
milk annually. In addition, there are six farms supplying the Mungali operation south east of 
Millaa Millaa. 

 

Cyclone Larry in March 2006 caused catastrophic damage to the industry with the main 
issues associated with damage to fences, laneways and loss of power. The combined effect 
of these had ramifications for the industry for the next year and beyond. Cyclone Yasi, in 
2011, also impacted the sector but, while a severe system, did not impact the industry to the 
same extent partly due to the mitigation strategies instigated after Cyclone Larry. 

 

Tree damage to fences and damage to creek crossings meant that the herds had to be 
consolidated onto a much smaller area causing significant damage to pastures. Developing 
an emergency cyclone paddock with secure cleared fencing, concrete/gravel laneways, 
artificial shade rather than trees and facilities for lotfeeding where animals can be kept just 
prior to and following a major cyclone should be considered. During a cyclone keeping 
animals in clear paddocks away from trees rather than sheltering in trees is the preferred 
option. Trees that had provided valuable shade for the herd have not been adequately 
replaced. Artificial shade structures are used on some farms in place of trees in an attempt 
to reduce the damage caused by large trees in cyclones. While very few trees have since 
been replanted, none are planted adjacent to fence lines and wind resistant species are 
used. As far as possible, fence lines have been cleared.  In some circumstances, changes 
to tree clearing legislation has allowed the removal of potentially damaging trees adjacent to 
fencing and other farm infrastructure much easier. Where large potentially damaging trees 
can`t be removed, aerial pruning using helicopters with mulching heads as used in the 
forestry industry in wind prone areas could be investigated. Many properties now use roofing 
over feed pads to provide shade instead of large trees. Sprinkler systems have been 
installed in these to cool the herd, again in place of large trees. 

 

The loss of power caused animal welfare issues, cows could not be milked or where 
mechanical (tractor driven) methods were available, that milk could not be cooled. Milk 
processors will not pick up hot milk. The effect over time was that mastitis was prevalent and 
lameness common from cows walking on damaged laneways and supersaturated pastures 
over an extended period. There were difficulties getting cows pregnant for at least the next 
12 months which caused ongoing issues with milk yields and thus cash flow. In some 
instances, where there was capacity to milk cows from damaged operations on adjacent 
farms, there were complications with biosecurity issues e.g. Enzootic Bovine Leukosis (EBL) 
infected herds or herds carrying particular strains of other pathogens. 
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Physical damage to sheds and housing was widespread and the renewal of these to a higher 
cyclone proofing standard under the more recent building codes came at a significant cost 
but will place the industry in good stead in future cyclones. Many farms have also upgraded 
access points to paddocks with concrete culverts making them more cyclone resistant. 

 

As a result of recent cyclones nearly all farms now have generators to run the milking 
machinery and, to a lesser extent, cooling systems. Some have upgraded to the extent that 
the housing has been rewired to be able to run from the generators as well. Fuel storage to 
run generators for an extended period have also been put in place. 

 

The Industry organisation has processes in place to remind farmers over the cyclone season 
to run back up systems to check functionality, maximise fuel supplies, fill all water tanks, top 
up supplies of feed concentrates, vaccines, medications for stock and also to charge all 
batteries to maintain communication systems. Given the importance of ongoing 
communication between suppliers and milk processors there remains anxiety in the industry 
about the lack of backup generation capacity around the transmitters of the major 
communication network. 

 

Portable electric fence capacity will help control stock movement while permanent fences are 
repaired. In the future electronic virtual fencing could be explored where cattle wear a collar 
with a GPS chip which emits an audio cue and a mild electric pulse if they move too close to 
a GPS located virtual fence, this technology would also allow animals to be GPS tracked in 
the event they are lost. These virtual fences would be cyclone, flood and fire proof. It may 
also be useful to explore the potential for wind and solar power battery back-up systems. 

 

Intensive beef Industry 
 

Intensive beef cattle operations are found on areas with reasonably fertile soils, high rainfall 
(usually >1000 mm) with animals being grazed almost exclusively on sown pastures. 
Typically, these are on flood plains and elevated tablelands in coastal and subcoastal areas. 
In cyclone prone areas in far north Queensland, property sizes are generally small (<200 ha) 
and the majority of land holders have an external source of income to supplement on-farm 
income. There are about 850 intensive beef producers’ north of Ingham in Cardwell, 
Cassowary Coast, Tablelands and Mareeba Shires grazing just over 100,000 head and 
turning off 35% annually mostly into the local trade market. As well, there are many 
properties and cattle in cyclone prone areas further south, particularly in Burdekin, 
Whitsunday and Mackay local government areas. 

 

The main issue from recent cyclones was damage to fence lines from fallen trees, wind and 
tree damage to sheds and other farm infrastructure, damage to creek crossings due to pipes 
being overloaded or blocked with vegetation and the crossings washed out. Loss of stock 
through wandering was not a big issue although one producer reported significant stock 
losses due to electrocution from fallen power lines. Care must also be taken that stock can`t 
access toxic vegetation if fences are damaged. 

 

Since these cyclones, trees have been removed from fence lines and from around other 
infrastructure and places are generally kept cleaner (less flying debris). Recent changes to 
the vegetation management act have allowed the removal of potentially damaging trees 
much easier. Creek crossings have been repaired with larger diameter pipes, occasionally 
concreted and by-wash drains installed to reduce washout risk especially with critical access 
points. During a cyclone keeping animals in clear paddocks away from trees rather than 
sheltering in trees is the preferred option. Damaged farm sheds and other farm infrastructure 
have been rebuilt to a higher cyclone proofing standard according to new building codes and 
portable gear has been secured inside sheds. Most have purchased generator sets to run 
housing. A few producers use property tags on their cattle but these are not common and 
this option could be further explored to aid in relocating wandering stock. In the future 
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electronic virtual fencing could be explored where cattle wear a collar with a GPS chip which 
emits an audio cue and a mild electric pulse if they move too close to a GPS located virtual 
fence, this technology would also allow animals to be GPS tracked in the event they are lost. 

 

These observations apply mainly to those producers in regions affected by recent cyclones. 
It is likely that the imperative to maintain clean fence lines, upgrade creek crossings and 
access points and other processes around farm hygiene to mitigate the potential damage 
from cyclones have not been as closely followed outside of the immediate impact area. 

 

There is potential for out breaks of weeds from cyclonic events but these events are also 
possible after heavy wet season events in a normal monsoon period. 

 

Extensive Beef Industry 
 

The extensive beef cattle industry is carried out in arid and semi-arid areas of Queensland 
mostly on uncleared woodlands supporting native pastures. These are primarily breeding 
operations turning off weaners and stores as well as finished animals for a number of 
different markets. There are approximately 430 functioning grazing enterprises across 
Herberton, Etheridge, Mareeba, Croydon, Carpentaria and Cook local government areas. 
Property size is usually between 25,000 and 50,000 ha but, in Cook and Carpentaria Shires 
are usually much larger. Generally, herd size is approximately 4000 head with 25% turned 
off annually. 

 

The main issue with cyclonic activity was tree damage to fences, particularly from tree 
crowns which require multiple chain saw cuts to clear compared to just one when a tree trunk 
falls on a fence. Considering that, on average there are around 180 km of fencing with 
boundary (3 to 4 strand barbed wire) and internal fences (3 strand barbed wire) per property, 
the magnitude of the task of clearing fence lines from potentially damaging trees is 
enormous. Damage can be magnified if the wind arrives when the soil profile is already 
saturated. In this scenario many whole trees come down whereas, when the profile is 
relatively dry, only branches are blown off. 

 

Boundary fence line clearing is restricted to 10 m by law (Vegetation Management Act). 
Landholders feel they shouldn’t have to break the law to secure their fences although 
permission can be sought to remove individual trees. Given that most properties have at 
least 60 km of boundary fencing, the cost and equipment required to clear more than the 
minimum distance is too great for most. It may be possible to remove crowns of trees with 
forestry industry equipment such as aerial pruners, but given the low value of turnoff on a per 
hectare basis it is difficult to envisage the economic feasibility of such a program. Another 
possible strategy would be to defoliate trees along fence lines with ethrel to reduce the wind 
loading and prevent uprooting. Given the cost of these measures it may only be feasible to 
have a few paddocks “cyclone proofed” within a property with secure fencing that can be 
used to hold animals before or after a cyclone. Road and track damage from trees and, to a 
lesser extent, erosion were also important issues in recent cyclones. There is a need for 
upgrading critical road and other access points necessary to enable fences to be repaired 
and other management operations to be carried out. 

 

Lost cattle were an issue but cost effectively, not much can be done at present. Most 
landholders felt their cattle were returned over time. Losses were always difficult to quantify 
since wild dogs and pigs can quickly consume cattle that may have been killed in the event. 
Property tags are rarely used (and probably unnecessary) as all cattle are branded and 
earmarked. In the future electronic virtual fencing could be explored where cattle wear a 
collar with a GPS chip which emits an audio cue and a mild electric pulse if they move too 
close to a GPS located virtual fence, this technology would also allow animals to be GPS 
tracked in the event they are lost. 
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Even though there is usually sufficient warning of cyclone events (and grazing families are 
attuned to weather reports in any case) there is not usually any stock consolidation into 
special paddocks. In any event, because of the widespread availability of surface water over 
the wet season/cyclone season, cattle are spread out in small groups across paddocks and 
there is neither time nor resources available to muster more than a small proportion of the 
overall herd. 

 

Power is usually lost as a result of these events and can be out for some time. However, all 
properties have generator sets and fuel on hand because they are used to being self-reliant 
in this regard. Insurance is only carried for housing and perhaps sheds with stock; fencing, 
yards, tanks and windmills not covered because of cost. 

 

Little has changed in management standards across the industry since the recent cyclones 
except that, in the areas impacted, sheds, yards and windmills have been cleared of 
vegetation and potential flying objects and kept clean. Recent changes to the vegetation 
management act have allowed the removal of potentially damaging trees much easier. 
However, the issue around fence line damage will again be a major factor, especially in 
areas not directly impacted by recent cyclones, when the next significant cyclone impacts the 
extensive grazing industry. 

 

Aquaculture Industry 
 

The aquaculture industry in Queensland is valued at about $120M of which about 65% is 
produced in cyclone affected areas (north of Rockhampton). Prawn production (around 15 
operations across the cyclone prone area) is the dominant sector representing 68% of the 
total value followed by Barramundi production at 22%. The other sectors: red claw, 
freshwater fish, hatchery, aquarium fish and oysters represent minor components. Prawn 
and barramundi production are particularly intensive operations and are most threatened by 
cyclonic activity. 

 

The major issues associated with cyclone damage are loss of power and inability to source 
feed supplies and associated animal welfare issues. To some extent, sourcing feed has been 
an almost annual problem with road closures over the monsoon season. 

 

Because of the intensive nature of prawn and barramundi production, the systems rely on the 
capacity to maintain aeration of the water column for oxygen supply and also water 
exchange to maintain water quality.  Power supply is essential if catastrophic losses are to 
be avoided.  Most producers now have generator capacity to maintain operations in the 
event of loss of mains supply while some have arranged the hire of generators to provide 
capacity in the event of cyclones. Backup wind, hydro and solar powered systems could be 
investigated. Those with generators run these regularly to ensure good working order as 
power outages can occur at any stage and not just during cyclonic events. Generators need 
to be housed in cyclone proof shelters. 

 

Water supply is usually sourced from streams. However, water quality immediately following 
a cyclone event can be very poor because of vegetation and other matter coming into the 
streams. In this event, water exchange cannot proceed until the pollutants are flushed from 
the system with feeding restricted to limit the deterioration of pond water quality. 
Landholders could consider installing settling ponds and/or up-graded filtration systems. 

 

Associated with power generation capacity is the need to store fuel on site. This fuel storage 
infrastructure also needs to be cyclone proofed. Indeed, after power losses resulting from 
Cyclone Yasi, some larger producers needed to review both generator and fuel storage 
capacity to maintain operations and reduce the risk of damage in other potential events. 
Fuel storages have been modified so that sufficient is on site for up to two weeks. Sourcing 
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additional fuel after a cyclonic event is still an issue as fuel supply is prioritised towards 
human needs. 

 

Access to labour was also an issue following a cyclone event. Those using backpackers 
found that supply of labour dried up instantly while many labourers using local rental 
accommodation were forced to move away when the price of that rose dramatically in the 
face of demand from relief workers repairing infrastructure who could afford to pay the 
increased rents. 

 

While on a different scale to prawn and barramundi production, hatcheries are also intensive 
operations and require continuous access to power supplies. Hatcheries are not dealing with 
the high nutrient loads in water as the growing and harvesting facilities but generation 
capacity is still critical in aeration and water recycling and water exchange.  Depending on 
the stage of growth power losses need to be resupplied in minutes to about an hour to 
replenish dissolved oxygen levels in the water. All the hatcheries contacted for this report 
have generation capacity and have put in place additional fuel storage capacity for the 
cyclone season. In at least one case, damage from fallen trees was an issue to a hatchery 
and progressively trees were removed to a safe distance. Additional clean water storage has 
also been added to one hatchery to reduce the risk of water shortage for exchange 
purposes. 

 

A mechanism to overcome feed shortages was explored at an industry level but attempts to 
centrally locate larger scale storage capacity in the region at a commercial level have not yet 
been successful. Currently on farm storage of 10 to 14 days feed supply is the primary 
means of overcoming potential shortages. As well, the storage needs to be professionally 
built/secured so that feed does not deteriorate and become unusable before additional 
supplies are sourced. Some feed stocks may store better than others. Long term storage 
should only be necessary during the cyclone season. A store of medications or vaccines 
likely to be necessary in the event of a disease outbreak should also be kept on hand. 

 

The red claw sector is relatively small with total production around 50 – 60 tonnes produced 
annually over a 10 to 11 month growth period with around 90% of this produced by 15 
producers. Ponds do not support the same biomass as the more intensive prawn and 
barramundi operations so aeration and water exchange are less of an issue except for 
hatchery situations. There is currently no requirement for back up generation or fuel supply. 
As well, the pond systems supply the majority of the feed. Overhead netting is required to 
protect from stock from birds and these were severely damaged during recent cyclones. A 
new system of low level netting (about 1 m above the ponds) has proven effective in keeping 
birds at bay is cost effective as it does not require the same amount of infrastructure and is 
less prone to damage from cyclones. A removable net system (as used in the horticulture 
industry) where the netting can be removed prior to a cyclone could also be explored. 
Overflow of ponds and flooding can present issues if ponds have not been well constructed 
or located. 

 

Marketing is also not critical as the stock can be left in the ponds where they will only grow 
larger. Therefore, the red claw industry has proved quite resilient to the effects of cyclones. 
The industry is however gradually evolving into a more intensive operation which may require 
more intensive management in the future and thus become more vulnerable to cyclones. 

 

At an industry level, advice is sent out to members to prepare for the upcoming cyclone 
season with the need to undertake preparatory measures regarding generator maintenance, 
fuel and feed supplies. 

 

Poultry 
 

The poultry industry in Queensland comprises both broiler and egg production. There are 10 
broiler producers across the cyclone prone area with all of these located within 30 km of the 
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processing facility at Mareeba. About 170,000 birds are processed per week after a growing 
cycle of 5 to 6 weeks followed by a week when sheds are cleaned out and a further week 
when sheds are spelled prior to a new cycle beginning. 

 

There are only 5 serious egg producing operations north of Townsville with 285,000 laying 
hens. Of these, two operations, one in Townsville and one near Kairi on the Atherton 
Tablelands account for over 90% of laying hens. 

 

The main issues with cyclone damage were similar across both egg and broiler production 
and were associated with structural damage, power supply, feed supply and associated 
animal welfare issues. One egg producer lost three laying sheds but these have been 
replaced and upgraded to a much higher cyclone rating. 

 

All poultry operations are required to have generator capacity for the event of a power failure 
to run feed distribution, water supply, lighting, heating, cooling and extraction fans. These 
are designed to cut in within minutes of a power outage. Indeed, so critical is power supply, 
one producer has a 3 stage backup generator system to ensure continuous power supply. 
Fuel supplies to run generators have also been upgraded to run generators for an extended 
period. One egg producer can potentially carry 8000 litres of fuel, which would supply their 
needs for a month, although under normal circumstances only about 3000 litres would be 
held. The experience with both Cyclones Larry and Yasi was that mains power supply to the 
feed supplier was only out for a limited time and there was no effect on production in this 
regard. 

 

Water supply must be continuous and feed supply must not be down for more than three to 
four hours before behavioural problems are manifest. Producers do store feed but, 
depending on the stage of the cycle (bird size/age) for broiler producers, the feed supply 
could last from 2-10 days. Currently feed supplies are mixed and sourced locally to both 
broiler and egg producers. There is some anxiety in the industry about the capacity of the 
feed supplier to maintain supply in the event of an extended power outage preventing the 
mixing of feeds. There is therefore a strong case for additional on-farm storage for feed and 
clean drinking water. 

 

Heat extraction fans are located on the ends of sheds in both intensive broiler and egg 
production systems. The effect of cyclonic winds blowing directly into extraction fans can 
cause the fan motors to overload and malfunction. As part of cyclone preparations one farm 
places heavy machinery and hay bales adjacent to fan outlets to protect the system from 
overload. 

 

Conclusion 

Intensive animal industries (dairy, aquaculture, poultry) have put in place mechanisms to 
reduce the risk of loss through cyclonic activity and now have much greater resilience to the 
damaging impacts of cyclones. The intensive beef industry has prepared to the extent that 
fence lines are cleared of trees, sheds are built to a higher standard and areas around 
infrastructure are kept clean. The extensive beef industry, which accounts for by far the 
largest area potentially affected by cyclones, remains largely susceptible to damage. This is 
principally in the form of tree damage to both boundary and internal fences. All industries 
were frustrated by the difficulty of obtaining cost effective insurance. 
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Chapter 12. Risk mitigation, resilience 
building and agricultural insurance 

Agricultural insurance is widely regarded as an integral facet of modern farming. It is typically 
one of the essential tools farmers can use as part of their comprehensive strategy to manage 
agricultural production risks. Cyclonic events and their propensity to cause widespread 
damage can limit the risk mitigation options available to producers (Figure 1). The level of 
correlated loss or systemic risk invariably determine the costs of insurance products — this is 
made worse by higher risk production areas such as that experienced in tropical north 
Queensland. The risk architecture of certain insurance schemes can also make the product 
potentially commercially unattractive to insurance providers. As such, insurance policies and 
their associated premiums can be cost-prohibitive for many producers. While limited 
insurance for hail, storm and fire damage are provided by certain insurance providers, multi- 
peril disaster related agricultural insurance are either very limited in scope, unavailable, or 
are unaffordable for an overwhelming majority of farming enterprises in tropical north 
Queensland. Due to the higher risk exposure and risk interface demonstrated by cropping 
over animal production systems (Chapter 11), the following section explores more broadly 
the potential crop insurance risk-parameters that may be influenced by the introduction of 
resilient production practices at the farm and paddock level. 

The existing challenge 

North Queensland has been subject to quite extreme weather events including severe 
cyclones and flooding over the past 12 or so years. Evidence suggests that this trend will 
continue and that the intensity of cyclones will become more pronounced with climate 
change (Stefen et al, 2017). On average, the greater Cairns region experiences an impact 
from a tropical cyclone every 2.2 years (measured over 100 years). Over Cairns itself, 
cyclone impacts occur every 4.2 years, with a major tropical cyclone impacting every 12.5 
years (Callaghan, 2003). 

Extreme weather events like cyclones (Figure 2) affect the whole agriculture sector, but have 
caused devastating impacts to the horticulture industry, with nearly the entire 2006 banana 
crop wiped out due to Severe Tropical Cyclone Larry, and further heavy losses through 
Severe Tropical Cyclone Yasi in 2011. More recently, Severe Tropical Cyclone Debbie 
devastated the Bowen-Gumlu districts in 2017, which is recognised as the largest winter 
vegetable growing region in Australia. 

After Cyclone Tracy demolished ~70% of Darwin’s homes in 1974, the Australian building 
codes were changed to ensure that building designs, construction and performance met 
minimum standards to withstand extreme climate related natural disasters. The Darwin 
situation, including revised building codes in Queensland since the mid-1980s (and again 
more recently), are analogous to tree crop risk-mitigation and resilience-building practices 
introduced to tropical farming systems following major cyclonic disasters in recent years. 
Sorensen (2013), in a study of cyclonic impacts on agriculture in northern Australia, found 
that production risk-minimisation through agricultural insurance was a major problem faced 
by farmers following Cyclones Larry and Yasi; further adding that customisation of insurance 
products specific to agriculture and cropping in tropical Australia was grossly deficient. 
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Figure 1. Tropical Cyclone Tracks – Australia 1961-2006 
 
 
 
 

 

Figure 2. Tropical cyclone risk – Australia 
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Diverse and rich agriculture industry 

One quarter of Queensland’s agricultural output is produced in tropical north Queensland, 
dominated by bananas (93%), aquaculture (65%), cattle (34%), sugarcane (34%), dairy 
(14%) and vegetables (9%) (Queensland Department of Agriculture and Fisheries, 2018). 
The region’s agriculture, considered to be one of the most diverse in Australia, is continuing 
to expand strongly and forms the backbone of nearly all regional economies in north 
Queensland (Figure 3). The greater Cairns region itself, inclusive of the Atherton Tablelands 
and the Wet Tropical Coast, is Australia’s third most valuable fruit production region after 
Mildura in Victoria and Renmark in South Australia (Cummings, pers. comm., 2018). Based 
on the significant growth of high-value fruits such as Blueberries, Avocados, Citrus and Table 
Grapes in the Atherton Tablelands recently, the region could conceivably set a new 
benchmark in the near future. Agriculture in north Queensland is big business; it deserves to 
have access to specialised and effective agricultural insurance solutions. 

 
 
 

 

Figure 3. North Queensland Gross Value of Agricultural Production (2015-16) 

 
 
 

General agricultural insurance overview 

 
It is beyond the scope of this work to conduct a review of available agricultural insurance. 
That undertaking has been done previously by government and industry, refer for example: 
Options for Insuring Australian Agriculture, September 2012 (Hatt et al 2012); Managing Risk 
Using Multi-Peril Crop Insurance, August 2017 (Grain Growers 2017)). The following 
provides an overview of agricultural insurance to introduce some contextual elements 
relating to risk mitigation practices in north Queensland agriculture (Figure 4, Table 1). 

Agricultural insurance is recognised as one of the most complex types of insurance available 
in the insurance market. It is a numbers game incorporating risks that are based on 
economics, robust science, regulation, administration, finance, information and 
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communication technology, computational modelling and a host of other parameters to 
produce a uniquely multifaceted end-product. The challenge becomes even more difficult in 
light of climate change and the predicted severe weather events, including the propensity for 
more intense tropical cyclones (Stefen et al, 2012). Its complexity requires rigorous and 
detailed and extensive analyses. As such, it takes time and money to model and to develop 
suitable policies and products suited to a particular industry or region. 

There are many forms of agricultural and crop insurance (e.g. production loss, revenue loss, 
revenue guarantee, yield loss, yield guarantee, cost of production, price risk, parametric or 
weather index, named peril, single peril, multi-peril, micro-insurance etc.). These can vary by 
crop, enterprise or weather event. To make matters more complicated, no one product will 
address every single risk or hazard within a particular industry or region. Usually a series of 
insurance products might be needed to adequately address the range of agricultural 
variables that may be required. These insurance products will also likely need to be 
adaptable to changing market demands and risks over time. 

 
 

Figure 4. Snapshot of US crop insurance scheme 

Crop insurance US style - Federal crop insurance programs 

Federal crop insurance offers separate, tailored policies for more than 100 commodities. 

More than 90% of insurable farmland in the United States is now protected through the federal crop insurance 

program. 

US government subsidizes ~60% of farmers' crop insurance premiums. 

US 2012 drought – government shouldered 75% of $17 billion in crop insurance payouts. 

Generous crop insurance program further incentivizes production on low quality ag-land. 

US government runs program: crop insurance companies approved to provide policies to farmers. 

U.S. Department of Agriculture helps pay administrative and operating costs. 

USDA Risk Management Agency and private companies provide different levels of subsidies; 18.5% is typical of 

the farmer-paid portion of the premium. 

May be considered a distorting influence on crop production at regional, national and international level. 

Farmers also often purchase both federal and private crop insurance policies, which allow cover for a specific 

peril that is not covered under MPCI (e.g. crop-hail). 

 

(Source: Illinois Public Media News, 2018; Crop Insurance in America.org, 2018). 
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Table 1. Key insurance coverages and attributes 

Named or specific crop insurance 
 Many products available in Australia 
 Commercially successful 
 Southern production centric and focused; not specific to northern Australian context (hazard 

type, risk profiles, commodity specific, and risk exposures). 
 

Multi-peril crop insurance (MPCI) 
 Compared to traditional insurance, MPCI are able to provide producers with enhanced level of 

protection and options for risk coverages. 
 Only a handful of products available (3 in previous years and currently 5 nationally). 
 Complex in design; high administrative cost. 
 Based mostly on grain production and the issues around rainfall / heat and drought (southern 

production centric). 
 Demand pull: effective multi-peril crop insurance has long been needed in Australia. 
 Historically costly and unworkable – market failure. 
 Local farmers compete internationally with farmers who have access to government-backed 

MPCI policies overseas. 
 International evidence suggests that without government support to reduce the total cost of 

premiums (e.g. subsidies), MPCI is generally not a viable product. 
 

Index-based or parametric weather insurance (IBWI) 

 Parametrics of IBWI well demonstrated and tested overseas. 
 Financial protection for growers against extreme weather events (irrespective of yield loss). 
 Events triggered by an index (temperature / drought / wind speed / proximity of hazard) 
 Innovative insurance product suited to farmers in developing countries and increasingly in 

developed nations (low administrative cost). 
 Available in other industry sectors e.g. mining, boating, government – many useful and 

workable examples. 
 Sensitive to basis risk – potentially low correlation between actual loss on farm and the index- 

based loss coverage received. 
 Identified early on in this project as a potentially demonstrable insurance solution. For 

example, could be assessed in north Queensland against cyclonic wind indices (and matched 
against identified agro-mitigation measures employed on farms). 

 
 

 

Development of crop insurance products based on sound risk 
assessment 

There are three main types of data required for agricultural risk assessment: 

1. Time series weather data: (e.g. 20 years+) for key variables such as rainfall, temperature, 
relative humidity, wind speed etc. 

2. Time series production data: (e.g. 5-10 years) sown crop area, harvested area, production 
and yield statistics (at national, regional and district levels) + individual farmer level (for 
individual MPCI). 

3. Time series crop damage data: statistics for perils such as wind/storm, cyclones, fire, hail, 
frost, flood, heatwaves, diseases etc. With livestock, time series data and statistics for herd x 
breed x numbers and mortality data / cause of loss. 
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Investing for resilience through risk mitigation and climate 
adaptation 

In a world where climate risks and climate adaptations are increasingly recognised as 
strategic drivers for investment decisions, resilient farm infrastructure and risk-mitigating 
management production practices at the farm and industry level ought to become more 
appealing and rewarded by progressive insurance providers. Insurance is recognised as the 
key risk management strategy for weather-related events linked to climate change. Hence 
agricultural insurance linked to cyclone resilience can justifiably provide price signals on risk 
management and thereby incentivises adaptation measures to reduce insurance costs. 
‘Once we start paying for adaptation, investment in mitigation will seem like very good value.’ 
(Investor Group on Climate Change, 2017). 

Recent economic analyses have confirmed the overinvestment in post-disaster recovery/ 
reconstruction and the underinvestment in mitigation by successive governments: natural 
disaster cost is projected to reach $39 billion per year by 2050 (Deloitte Access Economics, 
2013 & 2016). It was found that as a general rule, one dollar spent on mitigation could save 
at least two dollars in recovery costs. The spending by the Australian Government on 
mitigation measures is equivalent to 3% of what it spends on post-disaster efforts. There is 
now widespread recognition in business and industry that all levels of government need to 
rebalance this spending as a national priority. Investment in mitigation strategies reduces the 
cost of reconstruction and safeguards communities. This finding was further supported by the 
Northern Australia Insurance Premiums Taskforce (2015), stipulating that the only way to 
reduce insurance premiums in a sustainable manner is to reduce the damage from cyclones 
through risk mitigation. In April 2018, the Australian Government established the National 
Resilience Taskforce to reduce the impact of natural disasters on communities across the 
country (Insurance Australia Group, 2018). 

 
There has been considerable uptake in the areas of resilience investment, risk mitigation and 
climate adaptations by the private and public sector in recent years. A number of reports and 
initiatives have focused on natural disaster resilience, funding arrangements and sustainable 
land use planning. Some of these include: 

 The Australian Business Roundtable for Disaster Resilience & Safer Communities 

commissioned Deloitte Access Economics to prepare: 

o Building our Nation’s Resilience to Natural Disasters White Paper, June 2013 

o Building an Open Platform for Natural Disaster Resilience Decisions, July 2014 

o The Economic Cost of the Social Impact of Natural Disasters, March 2016 

o Building Resilient Infrastructure, March 2016 

 Productivity Commission Inquiry Report, Natural Disaster Funding Arrangements, Dec 

2014 

 The Australian Government, the Treasury, Northern Australia Insurance Premiums 

Taskforce Report, Nov 2015 

 The Australian Government, the Productivity Commission, Natural Disaster Funding 

Arrangements Report, 2015 

 Global Access Partners Taskforce, The North, Agriculture and the Environment, March 

2016 

 Planning Institute of Australia, National Land Use Planning Guidelines for Disaster 

Resilient Communities, 2016 

 Queensland Farmers Federation: Disaster Resilience Planning for Agriculture in 

Queensland, project report, 2016. 
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o QFF is also heavily involved in researching the impacts of insurance as a risk 

management tool and is working with insurance providers to develop new and 

innovative solutions for industry. 

 Nursery & Garden Industry Queensland (NGIQ), Emergency and Disaster Planning 

initiative and recommended good practice guidelines. 

 Queensland Department of Environment and Heritage Protection, Queensland Climate 

Adaptation Strategy: 

o Built Environment and Infrastructure Sector Adaptation Plan 

o Agriculture Sector Adaptation Plan 

 Queensland Department of Agriculture and Fisheries, Drought and Climate Adaptation 

Program (DCAP) – a five-year $17.5 million program funds a portfolio of projects to 

improve drought resilience and preparedness. 

 NCCARF: National Climate Change Adaptation Research Plan, Social, Economic and 

Institutional Dimensions of Adaptation (Smith et al, 2017). The Plan identifies three broad 

areas for investigation: 

o The vulnerability and adaptive capacity of individuals, communities, businesses 

and industries; 

o The barriers and limits to adaptation; 

o The governance and institutional arrangements necessary to ensure that 

adaptation is as effective, efficient and equitable as possible. 

 
Investing for resilience – potential approaches to be explored 

The risk interface, product price and commercial sensitivity of insurance provide tangible 
opportunities for the cropping industry to facilitate development of innovative and tailored 
products suited to geographically-dispersed industries and production areas in the tropics. 
Moreover, anticipated widespread adoption of novel crop risk-mitigating practices and 
strategies on farms (e.g. modified trellising, canopy management, small trees–high 
productivity systems, protected cropping agriculture etc.) are expected to improve the 
resiliency or risk profile associated with tropical tree crop production in north Queensland. 
This presents an opportunity for the crop insurance industry to become involved in market- 
testing these novel farming practices, through risk and technology validation, identification, 
characterisation and impacts, as well as feasibility for area-wide and cross-industry uptake. 
Through early phase intervention, participating insurance providers could become more 
informed about the potential investment attractiveness of the diverse and geographically 
dispersed cropping industry in north Queensland. 

 Farm Management Deposits (FMDs) – there is an opportunity for government to 

promote greater uptake of FMDs as a risk mitigation tool. A tax concession incentive 

could be provided specifically for identified weather-related risk mitigation practices on 

farms (either proactively as part of identified industry best management practices, or 

following a natural disaster event); this could potentially be extended to crop / livestock 

insurance products. Potential tax revenues may be foregone, however, the Australian 

Government has acknowledged that the FMD scheme enables many primary producers 

to remain viable and to continue to pay tax over the longer term. This may benefit farmers 

with variable income receipts so they become less reliant on traditional forms of natural 

disaster assistance programs. 



- 113  

The above is directly consistent with the findings of the Australian Government Productivity 
Commission for Natural Disaster Funding: 

o Australia is exposed to natural disasters on a recurring basis and effective planning 

and risk mitigation is an essential task for governments, business and households. 

o Governments generally overinvest in post disaster reconstruction, and underinvest in 

mitigation that would limit the impact of natural disasters in the first place. 

o Natural disaster costs have become a growing, unfunded liability for governments, 

especially the Australian Government. 

 
 

The Productivity Commission recommended several changes to natural disaster funding that 
could be related to improving resiliency in agricultural production, including, that insurance is 
an important risk management option, especially for private assets. 

 Index-Based Weather Insurance (IBWI): IBWI or parametric insurance is seen as an 

innovative insurance product with lower administrative costs. It could be potentially 

applied to wind-based indices or triggers (e.g. tropical cyclone categories), and across 

declared natural disaster regions. This could be complemented by novel crop risk- 

mitigating strategies on farms, including possible stratification at the paddock level. 

 
 Natural Disaster Response and Recovery Arrangements (NDRRA): explore the 

potential roles of NDRRA mechanisms, through various classes of grants following the 

declaration of a natural disaster event, to leverage agricultural insurance uptake and 

support insurance premium offsetting price-points (e.g. through higher insurance excess 

payments). Government policies in the form of low interest rate concessional loans or 

grants following natural disasters may dis-incentivise farmers’ uptake of agricultural 

insurance, including the draw-down on Farm Management Deposits. 

 
 

While agricultural insurance is considered an important risk management tool for farmers, it 
is most effective when used in conjunction with other risk management measures on farms, 
including initiatives undertaken by government and industry collectively to minimise or 
eliminate risks where possible (Hatch et al, 2013). Having insurance does not mean that a 
farmer should forgo good risk management practices, industry-leading production methods 
and resilient infrastructure investments and technologies. 



- 114  

Crop insurance survey 

Rationale: to determine if there is an opportunity or role for specialised crop insurance in 
north Queensland through the possible adoption of risk-mitigating production practices by 
farmers in the future (i.e., key practices identified out of this project and other related 
technologies). Multi-peril crop insurance, for example, up until recently (for grain industry 
down south and west) was quite limited or unavailable in Australia and especially not in north 
Queensland due to entrenched risk factors and costs. 

There are innumerable variables at play that could ultimately influence the final crop 
insurance product. Establishing a new or unique crop insurance solution is outside the scope 
of this project, however, establishing a baseline (size / type of demand or market x various 
commodities x geography) to provide basic information may help support a case for the 
potential introduction of specialised crop insurance in the future. 

Through broad industry networks and direct email send-outs, growers in North Queensland 
(from Cape York to Bowen) were invited to complete a simple online survey on crop 
insurance over six weeks between September and October 2017. The survey aimed to 
broadly determine the following information from growers: 

 existing level of crop insurance uptake; 

 general attitudes and perception to crop insurance; 

 perspectives on relative importance of key crop insurance attributes; 

 key strategies for managing crop production risks, and 

 perceived significance of natural disaster risk factors. 

 

Responses proved disappointingly low (n = 25) despite the widespread industry coverage 
and reminders. Growers recently impacted by severe tropical cyclone Debbie (2017) proved 
most responsive (~50%). Generally, results supported the original assumption that wind- 
related risks (storms/ cyclones) would rate higher than risks or hazards more commonly 
associated with southern based crop production systems (e.g. hail, drought, frost). 

The survey indicated that windstorm/cyclonic events caused the highest level of crop 
damage (since 2011), and that tropical cyclone, disease, pest and windstorm ranked higher 
in terms of relevance than more traditional hazards such as cold/frost, hail and drought more 
in-common with southern-centric crop production systems (and insurance covers). While 
80% of growers had comprehensive general-property insurance cover (e.g. for sheds, 
machinery, equipment), over 96% did not have insurance cover for their crops against 
windstorm or cyclonic events. Moreover, with the exception of fire (24% cover), some 96 - 
100% of growers in the survey did not have any cover for hail, drought, flood, cold/frost, 
heatwave/high temperature or pests and diseases. The survey confirmed that 
windstorm/cyclonic events caused the highest level of crop damage (since 2011), and that 
tropical cyclone, disease, pest and windstorm ranked higher in relevance than more 
traditional hazards such as cold/frost, hail and drought that are more in-common with 
southern-centric crop production systems (and insurance covers). Nearly 75% of growers 
agreed there was a need/great need for multi-peril crop insurance in north Queensland. 
Nearly 80% had little to no knowledge about index-based or parametric weather insurance. 
There was also sufficient evidence to suggest that crop insurance information generally could 
be better advertised to growers in north Queensland to promote better knowledge and more 
informed decision making. 
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Aggregated results – North Queensland Growers Crop Insurance and Production Risk 

Management Survey 

 

Q. Please list the major crops grown on your farm/s 

 
 
 
 
 

Q. Please select the level of general property insurance cover for your primary farming 
operation (e.g. sheds, equipment, machinery, pumps) 
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Q. Please select the highest level of insurance cover for any crop on your farm 
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Q. For any crop on your farm, please select the number of times you have been 
impacted since the start of 2011 
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Q. For any crop on your farm, please select the highest level of damage since the start 
of 2011 

 
Level of damage (weighted average) 

 

Q. What strategies do you currently use in your farming operation to manage 
production risk? 
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Q. How much do you agree with the following statements? 

 
 
 

Q. For your primary farming operation, how relevant are the following when 
considering crop insurance? 
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Q. For your primary farming operation, how important are the following factors when 
considering crop insurance? 

 
 
 

Q. In your opinion, do you think there is a need for multi-peril crop insurance in North 
Queensland (i.e., versus specific or named-peril)? 

 
 
 

Q. How much do you know about index-based weather insurance in the cropping 
industry (also known as parametric crop insurance)? 

 



- 121 
 

Q. Farm size: how many hectares (ha) in total do you use to grow your crop/s in North 
Queensland? 

 
 

Q. Please indicate the approximate annual gross income (3 year average) of your 
combined cropping operations: 

 
 

Q. Please provide any other comments relating to this crop insurance survey specific 
to North Queensland agriculture 
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Investment in knowledge-building, training and human capital 

In a major study following the devastation caused by severe cyclones Larry (2006) and Yasi 
(2011) in north Queensland, Sorensen (2013) reported on the notion that insurance providers 
generally did not seem to understand agriculture and how tropical farming systems operated. 
This also related to some of the innovative risk mitigating practices that certain farmers and 
industry employed in their day to day farm operations (e.g. constructing farm infrastructure 
above minimum building codes and regulations); implementing and deploying farm 
management plans recognised as industry best practices at the time (e.g. trellising of exotic 
fruit trees; targeted crop canopy management; staggering maturity of banana plantations to 
improve wind buffering capacity). Conversely, there was also recognition within industry that 
farmers needed to understand what constituted best practice ag-industry customised 
insurance options. 

There is a clear opportunity to invest in knowledge-building and training across the farming 
and ag-insurance spectrum. Famers need to learn more about the insurance products and 
available risk-minimisation opportunities, and the insurance industry needs to know more 
about the very diverse and valuable agriculture sector in north Queensland, especially the 
risk mitigating practices and climate change adaptation strategies employed by certain 
industries to improve their capacity to withstand severe weather or wind events in the tropics. 

 
 

Conclusion and recommendations 

In the presence of continued climate variability and risks impacting on agricultural production, 
including market volatility and rising production costs, farmers are looking towards crop 
insurance coverage to better manage production risks. There remains a demonstrated need 
for producers in tropical north Queensland to have access to affordable agricultural, and in 
particular, crop insurance products. In a time of rapid change and instability in the farming 
sector, not having access to adequate and innovative crop insurance policies for selected 
natural disaster events in the tropics (e.g. cyclones, windstorms, floods), could potentially 
undermine the collective resiliency of tropical agriculture and associated farming 
communities in the long term. This perspective needs to be considered in-light of the 
unrealised potential for wider adoption of novel risk-mitigating strategies in the north 
Queensland farming sector, and the provision of insurance products and schemes developed 
for farming elsewhere in Australia (and the world). 

There is a direct relationship between available insurance cover, affordable premiums and 
the level of insured risks. Mitigating known risks on farms with industry validation ought to 
provide just-cause for the insurance industry to review the systemic and correlated nature of 
risks associated with crop and other agricultural insurance. Sustained and supportive 
government policy instruments will enable peak agricultural industry bodies to proactively 
develop practical solutions in concert with insurance providers to help facilitate wider uptake 
of proven risk-mitigating and resilient farm production practices in the future. 

In view of the significant opportunities to be realised through the conceivable introduction of 
novel insurance products for primary industries in northern Queensland in the future, it is 
recommended that: 

 A farmer education and extension campaign be undertaken by industry to draw 
attention to the disparate and complex agricultural insurance products in the market 
place (and their role as tangible production risk mitigation tools). This could also 
involve the development of an agricultural insurance app, equipped to identify 
certified resilient farm infrastructure and practices, to enable farmers to negotiate and 
make informed purchasing decisions on the products available. 
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 An insurer education campaign be undertaken by the agriculture sector to draw 
insurers’ attention to the disparate and complex agricultural risk-mitigation practices 
and strategies adopted by farmers to reduce business risk exposures to severe 
weather events (facilitate prioritisation of resilient investments to insurers). 

 Individual farms and agribusinesses, supported by industry, incorporate a heightened 
awareness of risk planning and risk mitigation measures as part of an overarching 
industry best management practices framework. 

 Industry explores funding avenues triggered through Natural Disaster Response and 
Recovery Arrangements (NDRRA) to potentially leverage insurance excess price- 
point offsetting mechanisms for certain agricultural or crop insurance products (in light 
of overwhelming evidence supporting need for increased risk-mitigation investments 
by government through disaster support mechanisms). 

 Existing enabling government programs be continued and expanded to support 
ongoing collaboration between researchers, industry and the insurance sector. This 
will further much needed econometric validations of alternative insurance solutions 
tailored to industry-certified resilient crop and animal production systems and other 
such infrastructure and assets (witness for example, the predicted mainstream 
adoption of protected cropping systems / vertical farming technology in high-value 
agricultural pursuits, including the promising integration of dwarfed/high-density/high- 
productivity tree genetics under robust trellising regimes in the tropics and sub- 
tropics). 
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Implications 

Adoption of new production practices identified in this project will reduce the economic 
impact on, and improve the resilience of tropical primary industries against the damaging 
effects of cyclonic winds. This will improve their economic sustainability even with the threat 
of increasing cyclonic activity as a result of climate change. Improving industries cyclone 
resilience would also improve the reliability of production, reducing the risks associated with 
primary production in cyclone prone regions, making access to finance and insurance cover 
easier. This will contribute to the further development and expansion of existing and new and 
emerging industries. This will also provide economic and employment opportunities in rural 
communities, which in turn contribute toward Local, State and National economies. 
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Recommendations 

It is recommended that primary producers incorporate where possible the changes in 
production practices identified in this report. Many of the findings can be applied to existing 
operations while others will be more applicable when setting up new orchards or facilities. 

 

Adoption of the new and innovative management practices identified in this report will 

enhance primary industries resilience. This will reduce the economic impact of cyclones to 

their industries and the rural communities they support. 

Improving primary industry resilience will also reduce production risks and improve the 
reliability of production making access to finance, insurance cover and the development of 
markets easier. This will enhance the opportunity for further expansion of existing and new 
and emerging rural industries even with the threat of increasing cyclonic activity. Improving 
the long term economic sustainability of tropical primary industries will provide economic and 
employment opportunities in rural communities in cyclone prone regions, which in turn will 
contribute toward Local, State and National economies. 
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Appendices 

Appendix 1. Economic analysis of trellising 
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Appendix 2. Economic decision tool 
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