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This edition of The passionfruit growing guide is a suhstantial update of the first edition, which was published
in 2006. Each chapter deals with a specific aspect of the development and management of a passionfruit
plantation. The reverse of each chapter title page provides a detailed list of the contents of that chapter.

This guide has been written for prospective, new and established growers; it addresses all aspects of
passionfruit growing, from site selection and planning through to harvesting and marketing the fruit. It
provides practical advice on propagation, fertilising, irrigation, and pest and disease control. Also, it includes
information on varicties of passionfruit, plantation budgeting, chemicals registered for use on passionfruit and
useful contacts. '
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The aim of passionfruit growing is to produce high-yielding crops of good-quality fruit and to do so profitably
and sustainably. To achieve this, the grower needs a good basic knowledge of the plant, how it grows and what
governs fruit production and quality. These topics are covered in this chapter:

Passionfruit terminology and parts of the plant
Vegelative growth
Flowers
Fruit
Passionfruit species and varieties grown in Australia
The annual cycle of the passionfruil plant
Vegetative growth
Roat growth
Flowering and pollination
Fruit development
Composition of fruit
Environmental effects on growth and flowering
Temiperature
Sunlight
Wind
Humidity
Soil water
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Immplications for crop management



The following description of the parts of the passionfruit plant refers to the purple varieties and Panama
selections that are grown commercially in Australia. The terms used to describe the main parts of the plant

are shown in Figure 1.1.
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t.1 Passionfruif terms used in this guide

Vegetative growth

The passionfruit is an evergreen, semi-woody perennial vine with medium 1o large, single or three-lobed
leaves that are 8 to 10 centimetres long. In suitable conditions, vines grow very vigorously using spiralling,
unbranched tendrils produced in the leal axils 1o climb over and along trellises (see Figures 1.1 and 1.2).
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Vegetative growth of the passionfruit
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Flowers

Passionfruit flowers are bisexual. They are large (4 to 5 centimeires in diameter) and each flower has live
sepals, five petals, five well-developed stamens and a three-part style in the centre (see Figure 1.3). The
flowers are particularly showy and have two rows of threadlike rays {called a corolla), which are purplish at
the base and whitish towards the tip. The solitary flowers are borne in the leaf axils of new growth,

style

three-part style .
stigma

ovary and ovules
(developing fruit)

Figu .3 The passionfruit flower: normal appearance (left) and diagrammatic cross-section (right)

Fruit

The fruit are round to oval, are 7 to 10 centimetres in diameter and have a leathery rind. The skin colour
ranges from red through to dark purple and on Panama selections may also be speckled in appearance,
with white flecks. Depending upon the variety, the pulp colour varies from yellow to orange-red; it is sweet,
aromatic, juicy and contains small brown or black edible seeds (see Figure 1.4).

pulp containing seeds and juice

flower remnants

rind

1 1.4 Fruit of the passionfruit
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Passionfruit belong to a very large plant family known as Passifloraceae, which includes about 550 species.
The most important genus (group of related species) of this family is Passiflora, which contains about 400
species. Only about 10 of these species are cultivated commercially. In most countries, passionfruit production
is based on selections of the golden passionfruit, Passiflora edulis forma flavicarpa, which grows best in
tropical climates.

In tropical Australia, growers commonly cultivate various selections of the golden passionfruit; these are
generally referred to as the Panama selections. Most of the Panama selections grown commercially are purple
or reddish in colour; the yellow or gold-coloured variants are not currently suitable lor the Australian market.

In subtropical regions, a large proportion of the Australian passiontruit industry is based on growing varieties
produced by crossing the golden passionfruit, P, edulis f. flavicarpa, with the black passionfruit, Passiflora
edulis forma edulis, a temperate climate species. These varieties, originally selected for their dark skin, are
commonly referred to as purple varieties because of their dark purple skin colour. These crosses are more
tolerant of cooler conditions in winter and are more suited to subtropical ¢climates than the Panama selections
are, though some Panama selections can be grown successfully on some sites in subtropical regions.

In cooler regions of Australia with temperate climates, passionfruit is not grown as a commercial crop on any
significant scale, but black passionfruit varieties can be grown successfully in domestic gardens.

Other species of passionfruit grown in Australia (but not commercially significant} are:
F. alata—fragrant granadilla or winged-stem passion flower
P. anfiguiensis—similar to P. mollissima

. laurifolia—yellow granadilla or bell apple

. lingularis—sweet granadilla

. maliformis—sweet calabash or hard-shell passionfruit

T v o wm

. mollissima—banana passionfruit
P. quadrangularis—giant granadilla

The following species are also found in Australia but do not produce edible fruit:
P. caerulea—blue passionfruit

P. incarnata—vine apricot, wild passionfruit or May pop

The phenology (growth pattern) of passionfruit can vary significantly depending upon the environment and
management. The following inlormation, based on observations made in the Nambour area of south-eastern
Queensland {which has a coastal subtropical climate), illustrates the general trends.

Vegetative growth

In the tropical and subiropical areas (where most passion[ruit is grown), vegetative growth is continuous
throughout the year, though it slows considerably during July and August in cooler districts. There is a peak
of vegetative growtb in September to October and another in February to March, There is often a slight lull in
growth in December, coinciding with the summer peak of fruit production.
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Fruit development

After pollination and fruit set, it takes from 60 to 90 days for the fruit to develop and mature. Maximum
growth, mainly of the fruit skin, rind and seeds, is in the first 20 days. Juice develops late in the period, just
before maturity.

The cycle of fruil production follows those of vegetative growth and flowering. After several fruit have set, the
growth and Mowering of a shoot or branch slows (or may cease) and only resumes when the first fruit set begin
to mature. Generally about 9 fruit are set per branch, but in young, vigorous, healthy plants, there can be 20 or
more. This stop-start effect is thought to result from either competition for carbohydrates between developing
fruit and vegelative growth, or a translocation of growth inhibitors from the developing fruit to the shoots.

In purple varieties, there is a major peak of fruit production in midsummer (December to January) following
the major peaks of growth and flowering in September to October. There are generally iwo smaller peaks of
fruit production, one in about March to April and the other in about June to July. Fruit production is generally
poor in October and November (a consequence of little or no flowering in winter) and May (due to the slight
Iull in growth and flowering during the summer production peak). The cropping pattern of a variety can vary
considerably depending on where it is grown because of environmental factors.

Fruil production cycles of the golden passionfruit and the black passionfruit differ from those of the purple
varieties. The golden passionfruit has a single extended cropping season from late summer through autumn
and into early winter. The black passionfruit produces a heavy continuous summer crop and virtually no
winter crop.

Composition of fruit

Analysis of passionfruit pulp has provided the nutritional data in Table 1.1. This is only a general guide;
composition will vary depending upon tbe variety and growing conditions. Pulp usually makes up 40% to
500% of the total fruit weight.

water 714 g Vitamin C 18 mg
Energy 194 kJ Thiamine 0.03 mg
Protein 30g Riboflavin 0.14 mg
Fat 03¢g Niacin 2.5 mg
Glucose 23¢g Carotene 0.75 mg
Fructose 19g Potassium 200 mg
Sucrose l5¢g Sodium 19 mg
Starch og Calcium 10 mg
Dietary fibre 13.9¢g Magnesium 28 mg
Malic acid 0.48 g Iron 0.6 mg
Citric acid 3.5¢g Zinc 0.8 mg

Source: Dr Ron Willis, University of NSW, Food Technology in Australia vol. 39 (11), November 1987
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Vegetative growth and flowcering can be influenced by several environmental {actors: temperature, sunlight,
wind, humidity and soil water,

Temperature

Temperatures above 30 °C promote strong vegetative growth but inhibit flowering. Where the odd flower is
produced, fruit will not set because pollen germination is also inhibited. Temperatures below 15 °C reduce
vegetative growth and flowering. Where [lowers are produced in cool conditions, fruit set is poor because
pollen germination is reduced significantly at temperatures below 20 °C. Cooler temperatures also increase
the severity of passionfruit woodiness virus. The best production comes from temperatures hetween about
20 °C and 25 °C, where there is an effective compromise between excessive vegetative growth and flowering,
and where pollen germination is favoured. Effects of temperature on vegetative growth and lowering are
illustrated in Figure 1.5,
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Figure 1.5 Effects of temperature on vegetative growth and flowering

Sunlight

Where plants are shaded, for example from windbreaks, strong vegetative growth may still occur {though

it may be eticlated}, but flowering is inhibited. A milder e[fect may also appear under prolonged overcast
weather. In some cases, fruit may drop. The effect of sunlight on flowering is illustrated in Figure 1.6. Note
that solar radiation in the subtropics on a sunny day in summer is about 25 megajoules per square metre per
day. On a sunny day in winter, it is 12 megajoules per square metre per day. In overcast conditions, solar
radiation reduces to aboul 10% of these values.
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Passionfruit plants are very seusitive to environmental stress and so the choice of site is very important.

The passionfruit plant is not hardy and in its natural rainforest environment it is protected from environmenial
extremes. Passionfruit grown on an unsuitable site will give a lower yield at higher cost than passionfruit grown
on a favourable site. Unsuitable sites will definitely reduce profits and could even result in a financial loss.
Careful site selection is essential and should take into account the following factors:

Growing regions 13
Seil 13
Slope 14
Aspect 14
Row orientation and length 14
Climate 14
Shelter and wind protection 15
Water supply 15
Proximity to markets and transport 15
Labour availability 16
Native vegetation 16

Social and environmental issues 16






As a general rule, select level to gently sloping ground. Gentle slopes aliow excess water to drain away safely
without causing water logging or soil erosion. A moderate slope that allows cold air to drain away can be an
advantage in regions where frost is a potential problem. Cost of production increases as slope increases and on
very steep slopes the extra expense can be prohibitive.

Slopes of less than 15% are preferred for safe machinery operation and to allow a wider range of options for
farm layout, row direction and control of soil erosion. They allow easier all-weather access 1o the crop, which
is vital for harvesting and pest and disease control. All sloping land will require some eresion control.

Clearing steep slopes for cultivation is not permitted in some regions of Australia, so check with local authaorities,
councils and the state government agency respansible for land clearing.

A protected situation is very important. It will provide a suitable growing environment, reduce fruit skin
marking {rom wind rub and allow better pest and disease control. Slopes facing away from prevailing winds
are preferred, and these are generally north or north-east facing in eastern Australia. These sites generally
maximise sunlight, are warmer and are better protected from the damaging winds [rom the south and west.

in Western Australia, protection is nceded from hot, dry easterly winds in summer on inland sites and from
cold south-westerly winds in winter on coastal sites.

Site features such as slope or a narrow block shape may limit row orientation options. In the subtropics, sites
with rows running north-south allow the greatest interception of sunlight and provide better shade protection
for fallen fruit. Where rows run east-west, sunburn damage to mature fruit that has fallen onto the ground
between the rows is high, cspecially in summer. Where vines are grown on pergolas, alignment of row
direction is not important, since the vines will form a complete canopy over the pergolas, protecting the fruit
from sunburn.

Long rows improve machinery efficiency and decrease cosis, but breaks in long rows about every 50 metres are
needed to allow efficient collection of harvested fruit.

In tropical regions, sunburn damage to fruit hanging on vines on rows running north-south can be severe,
especially on the western side of the trellis. In these regions, aligning rows east-west helps to prevent sunburn
and to reduce soil temperatures under the vine, The usc of pergolas, A-frame trellises and T-bar trellises helps
to alleviate sunburn damage. {See Chapter 6 for more details of these structures.)

Passionfruit are adapted to tropical and subtropical areas with good rainfall. However, for conimercial fruit
production there are disadvantages where wet and humid conditions prevail. These conditions will promote
fungal leaf and fruit diseases and reduce the effectiveness of the fungicides. In addition, rain or mist at
flowering can rupture pollen grains, reducing pollen viability and fruit set.

Extreme temperatures and/or low humidity will affect fruit set. Ternperatures below 15 °C restrict growth and
flowering; they also exacerbate the effects of passionfTuit woodiness virus. Temperatures above 30 °C promote
strong vegetative growth but inhibit flowering. Pollen germination is reduced significantly at temperatures
above 30 °C and below 20 °C. At temperatures above 38 °C, the fruit of purple varieties will not set and their
flowers may drop off. The best production comes with temperatures between about 20 °C and 25 °C, This is
because there is an effective compromise between excessive vegetative growth and flowering, and pollen
germination is favoured.
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Passionfruit vines require regular attention throughout the year. Vines cannot be left to fend lor themselves
for any length of time and most of the work needed to care for them requires significant manual labour, Some
important points are:

¢ The maximum area that two people can look after for most of the year is about 3 hectares, and even then
extra help will be needed for harvesting in peak periods. (This is only a guide, and significant variations
can arise from differences between sites.)

e During summer, harvesting of purple varieties needs to be done once every day for single-wire trellises,
and in some situations, twice or even three times per day. This is needed to avoid sunburn damage to
mature fruit that has fallen to the ground.

® [t can be difTicult to find suitable employees who are happy to work the short hours and make the early
morning starts that are needed to avoid sunburn injury to fruit.

* Growers and employees must be physically fit to do the work required in a passionfruit plantation.

Clearing of native vegetalion is regulated in some regions of Australia, so check with the local authorities,
councils and state government agencies responsible for tand clearing in your state.

Be aware that society places many environmental demands on growers. Some are legally enforced, while
others are simply community expectations. Consider the following:

* Generally, pcople are suspicious of any spraying activity that takes place on a farm, even when the
spraying is legal and justified. Some growers find that their businesses are significantly affected by
neighbours’ concerns.

e  Check with staic and local authorities regarding the need for irrigation licences and their availability.
¢  Chemical users certification may be required to purchase, transport and use chemicals in some areas.
e Check with local councils [or restrictions on land use and zoning.

*  Where plantations are bordered by crecks, rivers and other watercourses, appropriate management
strategies are needed to avoid environmental impact problems. These can arise from, for example, shed
waste [disposal of {ruit not suitable for the market), soil run-off, chemical spray drift and nutrients
leaching into drainage water.

* Plantations that are close {o rainforests and national parks may present management problems, such as
damage to vines by pests. Pests that are usually problems near scrub or forest areas are wallabies and
other protected native mammals; cockatoos; feral animals (such as pigs and rats); and insect pests such
as fruitspotting bugs. Some of these animals can and will destroy vines.
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Consider all of the following when planning the layout of your plantation.

The best site

The location of the plantation should suit the needs of the passionfruit plant; do not rely on planning and
management to offset poor location. Chapler 2 covers the critical aspects of this topic.

A planning map

Frepare a map of the farm showing the intended plantation site and mark on it existing [catures such as
roadways, standing timber, watercourses and slope direction. On the map develop a plan showing access roads,
buildings, windbreaks, vine rows, surface drains to control run-off, etosion-control structurcs, water-harvesting
and storage siructures {dam sites), irrigation systems and so on. An example of this iype of plan is shown on
page 17,

Table 3.1 lists a number of fact sheets on property planning that are available from the Queensland Department
of Environment and Resource Management (DERM). Visit their website at www.derm.qld.gov.au to obtain
these sheets.

L70 A guide to property mapping

L71 Choosing a property map

L72 Property mapping—useful sources of information

L73 Property mapping—adding information |
L74 Property mapping—measuring distance and area

L75 Using topographic maps

L76 Computer-based property mapping and recording

L77 Property plans—when sbould they be prepared?

All-weather on-farm access

All-weather access is vital for the efficient management ol a plantation. This provides unhindered machinery
movement for harvesting, spraying and other field operations. Roads and access tracks can be casily maintained
if water [rom adjoining helds is directed away from them. Tracks should be 3 to 4 metres wide to allow for the
movement of machinery without damaging the vines.

Where possible, follow these guidelines:

* Locate access tracks on ridgelines, so that water will be shed away from them. Where tracks must run
across the slope, regularly divert the water across them to prevent a build-up ol water on the top side
(which could cause erosion).

*  Always direct run-off away from access iracks.

®  Usc contour drains to move run-off to stable watercourses/gullies.

*  Use concrete pipes when crossing major drainage lines, especially those with regular trickle flows.
Alternatively, use concrete or rock inverts (where the track is depressed) to let water flow safely across.
*  Most access tracks require ‘whoa-boys’ or speed bumps to calch and divert water salcly off the track. I
Make these no more than 50 metres apart and ideally where the slope changes or there are suitable
outlet points. I
Chapter 3 Planning and layout 19 J




Row direction and length

Row orientation is important. Try to run the rows north-soeuth, as this maximises light interception and
makes the best use of suniight. It also provides better shade protection for fallen fruit, which are particularly
susceptible to sunburn.

An exception to this rule is in tropical regions, where sunburn damage to fruit hanging on vines on rows that
run north-south can be severe, especially on the western side of the vines. East-west rows help prevent this
and reduce soil temperatures under the vines.

If vines are grown on pergolas, row direction is not critical. The vines will form a complete canopy over the
pergoias, protecting the fruit from sunhurn,

Row direction options may be overridden by other [actors:

s Jrrigation. In some situations, row direction may need to suit the design needs of the irrigation system.
Consult a qualified irrigation designer for assistance.

¢ Slope. On slopes of less than 15%, rows can run across or up and down the slope. On slopes greater than
15%, rows should run up and down the slope to allow safe machinery operation.

s Block shape. A narrow block shape may limit row orientation options.

Long rows are preferred for machinery efficiency, but breaks in long rows about every 50 metres are needed
to allow efficient collection of harvested fruit. Breaks allow small vehicles (such as quad bikes) and pickers to
easily cross between rows during harvesting. Where a single-wire trellis is used, breaks in rows can easily be
made by not planting a vine between two posts and keeping runners from the neighbouring vines pruned off
the tap wire between these posts. Leaving the top wire in place maintains the tension on the trellis and avoids
the need for extra anchor posts. Simply remove the lower wire (if there is one) and either hury or re-route the
irrigation pipe along the top wire so that small vehicles and harvesters can pass through.

Windbreaks

Passionfruit performs best on sites that are warm and well protected from winds. In most regions, the major
damaging winds come from the south-east, south and west, so windbreak protection on at least these sides of
the plantation is essential. There are a number of windbreak options:

e Retain existing natural timber stands and plant trees and shrubs to supplement these where necessary.
Leave windbreaks on all sides of the intended plantation site where possible. Leave timmber on all major
drainage lines, as this vegetation will protect the watercourse from erosion.

¢ Plant tall, quick-growing grasses such as bana grass. When planted in spring, it will form a dense
windbreak by the next winter. Each year, deep rip close to the bana grass to sever its roots—this will
prevent it spreading into the root zone of the vines.

®  Plant trees and shrubs. Two or three rows of trees and shrubs provide the best protection.

* Lrect artificial windbreaks. These are commonly constructed from mesh materials such as shadecloth,
They are expensive but provide instant protection, require less room than planted windbreaks and do
not compete with the passionfruit for water and nutrients.

Chapter 4 provides detailed information on wincibreaks.

Natural watercourses

Disturb any creeks and depressions as little as possible. Leave or plant a buffer of trees along creek banks to
keep them stable. Do not plant vines in dry creek beds or depressions (where run-off naturally concentrates).
Maintain these areas with a good ground cover of natural vegetation, planted native shrubs or grass.
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Surface run-off and erosion control

For detailed information on erosion control, refer to Soil conservation measures—Design marual for Queensiand.
This is available from the DERM website at www.derm.gld.gov.au

It is essential to carry water safely through the plantation. Uncontrolled run-off will remove valuable lopsoil
and expose surface roots to desiccation, waterlogging and rootrot, Surface structures such as diversion and
contour banks and U-shaped drains and waterways will safely divert run-off into stable watercourses. Contour
banks and across-slope drains will shorten the distance that water can race downhill. These structures must be
correctly designed, constructed and maintained, because their failure will result in increased soil erosion.

The most effective ways of preventing erosion are avoiding bare soil and ensuring inter-row areas are grassed.
When developing a layout for the plantation, consider the following:

e For slopes up to 7%, the row direction can be determined by the factors covered under ‘Row direction
and length’ ahove,

¢ Tor slopes greater than 7%, access for machinery becomes a more important consideration. Shallow-
gradient rows that run across the slope cause only minor machinery slippage. This means there is less
damage to soil and erosion-control structures than there would be from machinery trying to climb steep
slopes in wet conditions.

e Avoid slopes greater than 15%, but if they are planted, run rows up and down the slope for safer machinery
use. A gradient of 15% is regarded as the safe maximum limit for working a two-wheel-drive tractor across

the slope, although in wet conditions access may be limited. Cut-off contour banks running across the
slope will he required at least every 30 metres to intercept run-off (see plan on page 17). These need to
be constructed so that machinery can easily move over them without causing damage; any damage could
allow water to escape and cause erosion.

* In the Darwin region, avoid slopes greater than 3% because torrential monsoonal rains can cause severe
erosion on them.

e The plantation may need to be protected from water flowing from land directly above it by a diversion
hank at the top of the site.

* Do not plant vines in depressions or low points, as these carry run-off during storms and can remain
wet tor long periods. Maintain or replant these areas with a low-growing, vigorous grass such as couch,
carpet grass, African star grass or kikuyu. Your state government's horticultural department stafT, local
consultants and growers may be able to help you identify grasses suitable for your area. The grass must
be regularly slashed to assist the rapid removal of run-ofT lrom the plantation.

Diversion banks

Diversion banks are artificial run-off control siructures that are used to divert water llow safely into stable
grassed waterways, natural depressions or construcied walerways.

Failed run-oftf control structures will greatly increase soil and crop damage. To minimise the risk, ensure any
diversion banks have a gradient hetween 1% and 5% (see Table 3.2, page 22) and are large enough to handle
the water from the catchment above.

Gradients fess than 1% may not remove water quickly enough and will therefore increase the likelihood of
overtopping. Gradients greater than 5% (or sometimes less, depending on soil type) can resull in erosion after
construction but beflore grassing, To prevent scouring of the drain channel, establish a creeping or sward-type
grass such as couch, carpet grass, African star grass or kikuyu in the channel.
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The gradient can be up to the maximum at the beginning and then reduced as it flows towards the outlet. For
example, on a sandy soil the first 50 metres could he 3%, the next 100 metres 2% and the remainder 1% until
it reaches the outlet.

To avoid water ponding along the banks, locate drains using a dumpy level, a hand level or a water tube level.
The banks need to be high enough to prevent overtopping.

Waterways

Waterways should be located in the natural run-off flow paths. This ensures that if run-off exceeds the
capacity of a waterway, the excess water will not divert and flow through the crop.

Construct waterway chaunels below ground level 1o allow rows and drains to discharge into them. Make

them wide enough to ensure that the water does not have to flow too deeply (and therefore quickly). Also,
make them flat-bottomed so that water will not concentrate in one area and so that they can be easily mown.
Stabilise them with couch, carpet grass, African star grass or kikuyu before they are required to carry run-off,

If a waterway is to carry large volumes of water, obtain professional assistance with its design.

Mounds and U-shaped waterways

Where there is a limited depth of good topsoil {less than 30 centimetres), build low-profile mounds to improve
soil depth. Mounds may also be required on heavy soil and in high-rainfall areas for maintaining aeration in
the root zone.

Planting on mounds can also be considered for deeper soils. Mounds maximise surface drainage away from
roots and help with harvesting hecause the fallen fruit roll away from the mounds into the inter-row space and
are casier to collect, (However, if they are not collected promptly, this may lead fo more sunburn.)

Construct mounds using a grader or tractor-mounted blade. Grade the soil from the inter-row space to build the
mounds (see Figure 3.1), but make sure that the inter-row space can be mowed easily. Do not incorporate clay
subsoil into the mound. Establish a grass sward in the inter-row space to minimise soil erosion.
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maximum excavation 2o cm

sail graded down slope

natural ground level

gure 3.1 Mounds on across-slope rows with a wide U-shaped cross-section that can be mawed egsily

For unmounded rows across the slope, construct U-shaped run-off control waterways every second or third
row; run these to another waterway or natural drainage (see Figure 3.2). The maximum distance hetween
the run-off control structures should be about 15 metres. Construct shallow, wide, U-shaped waterways in
the centre of the inter-row spaces to control water flow; they will also provide some drainage. Excavate to
a maximum depth of 20 centimetres. Use a grader or tractor-mounted blade to make the U-shape as wide as
possible, so that the waterways are easier to mow. Grass these waterways as soon as possible and maintain
grass cover, as this is critical for control of erosion.

access road access road

water or natural drainage

Figure 3.2 Across-slope rows with ll-shaped run-off control waterways (plan view)

— —_—— T

If the rows run perfectly up and down the hill and the rows are mounded, 1J-shaped waterways are not needed.
Each row will carry its own small amount of run-off and as long as the inter-row space is grassed, no erosion

will occur.
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Where there is a side slope to the row direction (which will almost always happen somewhere on a curved hill)
and mounds are used, the row mounds need to be large enough to keep the water within each row. If the mounds
for each row are too small, the mounds will divert water for a distance across the slope until the water exceeds
capacity and overtops. Once one row is hreached, the rows below will fail because there is a concentration of
water in an area not designed to cope with it.

If overtopping is likely, instead of using mounds, construct U-shaped run-off control structures in the inter-
row spaces to control side slope run-off (see Figure 3.3). Excavate between the rows to construct the U-shaped
run-off control structures every few rows (or every row if necessary)—but run these down the slope. This is
better than running U-shaped drains across the slope and cutting across the rows, as these would be almost
impossible to maintain. Over time, the machinery (raffic would reduce their water-carrying capacity to almost
nothing, resulting in erosion problems.
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Fig. 3 Down-slope rows with U-shaped run-off controf structures
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Water harvesting and storage

A good farm layout should incorporate water harvesting. This means that run-off is removed from the
plantation site and directed into a dam.

The type of irrigation system used should be integrated into the farm layout to be compatible with erosion-
control structures, access roads and drainage. Locate irrigation mains and hydrants close to access tracks.
When planning irrigation, seek specialist advice from a qualified irrigation designer.

Following these planning principles will benefit you and your farm as well as your catchment and community.
Joint government and community initiatives encourage people to cooperate on a catchment basis to reduce the
off-site cffects of land degradation. Adoptling the rccommended planning principles will reduce community
probiems such as:

*  poor water quality (resulting from nutrients contained in run-off)
s siltation of rivers, streams and harbours

* algal blooms in water storages

* loss of production caused by soil erosion.

For further information on how you can be more involved at a community level, contact Landcare and
catchment manageinent groups in your arca.

24 The passionfruit growing guide









To be effective, tree windbreaks must be carefully designed. It is best to eslablish windbreaks well before
passionfruit are planted, so that protection is provided from the start. Il this is not possible, temporary
windbreaks with fast-growing species such as Penniscium purpureum (bana grass, also known as elephant
grass) and giant sorghum can be used between rows then removed once permanent windbreaks are sufficiently
grown. Initial use of temporary windbreaks may also help the establishment of permanent windbreaks,

When designing the plantation, consider carefully where the prevailing winds come from in your area and
establish windhreaks accordingly. Also take into account the placement of windbreaks in relation to access
roads and vine rows. The key features to consider when designing windbreaks are permeability, height, length,
width, formation and gap allowance.

Passionfruit grown on overhead pergola trellises need more substantial wind protection than most single-wire
trellis plantings because of the height of the overhead canopy and the area of the trelliscs.
Permeability

A permeable windbreak (see Figure 4.1) allows wind to filler through it and provides a larger zone of protection
than a solid windbreak does.

ire 4.2 A permeable windbreak

A dense windbreak that blocks all wind causes the highest reduction in wind speed, but its effectiveness is
limited to a narrow protection zone directly behind the break (see Figure 4.2). A major problem with a dense
windbreak is the turbulence caused downwind close to the windbreak. Dense windbreaks arc not suitable for
plantation protcction but can be used around small arcas that need special shelter, for example around buildings.

Fi » Adense windbreak

Height
The higher the windbreak, the longer the protection zone. On level ground, a windbreak can reduce the wind

speed for a distance of up to 25 times the height of its trees. Maximum wind protection is achieved within a
distance of 5 to 15 times the tree height.
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A multiple-row windbreak

Another approach that is sometimes used for wide multiple rows is to scatter the trees rather than plant them
in rows, Trees and shrubs of different {ypes are mixed across the windbreak to create a permeable barrier. This
approach provides a wildlife corridor and habitat as well as a windbreak.

Gaps *

Gaps are required for gates, roads and access tracks, but funnelling through these gaps can greatly increase
wind speed in these areas. This problem can be reduced in wide windbreaks by angling the gap at 45° to the
prevailing wind (see Figure 4.6).

Other solutions are to plant trees outside the main windbreak to block the gap, or to widen the gap to reduce
the funnelling effect.

aniaat o B an EFEN B TP CI R VY SR i gul P ‘

Twind

4 windbreak with a gap af 45°

Table 4.1 {page 31] lists the trees and shrubs that can be used as windbreaks. Select species that suit your local

area and grow reliably, because gaps caused by the loss of trees will reduce the effectivencss of the windhreak.
Specialist native plant nurseries may provide advice on selecting trees for windhreaks, Your state government’s
horticultural department staff, local consultants and growers may be able (o help you identify species suitable

for your area.

Eucalypts are the best choice if windbreaks are established when planting the passionfruit; they grow rapidly
(2.5 to 3 metres a year) and will provide rapid protection. Slower growing trees should be planted several years
before the vines are planted.

Observations after cyclones in northern Queensland showed that fast-growing specics such as tallowwood
{Eucalyptus microcorys) and pine trees were prone to break and expose the plantation to the full force of the
wind. In addition, debris from the shatiered trees caused severe damage io plantations. The windbreaks that
stood up best were natural belts of eucalypt trees that had been preserved to act as shelter belts, in particular
belts of Moreton Bay ash (Eucalyptus tessellaris). Rainforest species fare badly in cyclonic weather, tending to
break easily.

The best long-term protection is achieved by mixing low-storey and high-storey species (see Figure 4.7).
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A number of passionfruit varieties are grown in Australia and new releases from the breeding program of the
Australian Passionfruit Industry Association {APTA})* become available to the industry from time to time. Four
varieties are shown on page 33; note the variction in size and colour of these passionfruit. They are {clockwise
from top left] the Sweetheart, Pandora, Misty Gem and McGuffies Red varieties.

Variety performance is very variable and difficult to predict. It depends on both the management of the vines
and the environment in which the vines are grewn. The only sure way fo assess if a variety is suitable for your
Jarm is to grow some on a trial basis. However, you can use the fullowing information as a general guide 1o help
you decide which varieties to consider:

Australian passionfruit—species, varieiies and commercial status 35
What makes a good variety? 35
Rootstocks 36
Characteristics of the main varieties 38
Misty Gem 39
Sweetheart 40
McGutfies Red 41
Pandora 42
Row and vine spacing 43
Arrangement of varietics in the plantation 44

* In 2011, APIA changed its name 1o Passionfruit Australia Incorporated. See Appendix B for contact details.



Almost all passionfruit varieties grown commercially in Australia are derived from two forms of one
species—the black passionfruit (P. edulis I. edulis) and the Panama passionfruit (P. edulis f. flavicarpa).
Some are pure derivatives of the individual forms, but most are crosses between the two that are known
collectively as *purple varieties’, The crosses are unique to Ausitralia. The main characteristics of the two
forms and the crosses are outlined in Table 5.1 (page 37).

Black passionfruit met consumer acceptance up to the 1950s, when they were decimated by fusarium wilt
and passionfruit woodiness virus. The purple varieties have undergone intensive selection to provide pest and
disease tolerance, enhance production and improve fruit quality. The Panama varieties have not undergone
the same intensive genetic improvement as the purple varieties. The purple varieties make up the bulk of the
industry in Queensland, New South Wales and Western Australia. In the Northern Territory, mainly Panama
Red is grown.

Crosses between P.edulis f, edulis and P. edulis {. flavicarpa combining high production and tolerance to
disease were hred by the Queensland Department of Primary Industries (DPI) at Redland Bay in the early
1960s. The purple varieties derived from this program, such as ‘E 23', 'Lacey’ and *3-1’, hecame the mainstay
of the Australian industry for many years,

Howcever, during the late 1970s, these varieties lost their vigour. Their fruit became smaller and their vines
became more susceptible to viral and fungal diseascs. In an attempt to regain vigour and provide better control
of viral diseases in these varieties, a scion wood accreditation scheme was established. This scheme aimed to
sclect the best available mother vines for the supply of propagation material to nurseries, During this process,
a vine grown in Upper Burringbar in New South Wales was selected and named ‘Tom's Special’. This variety
had particularly strong and vigorous growth, large sweet fruit, high pulp recovery and better disease tolerance
than the DPI varietics. However, it had the limitations ol a short cropping season and lower yields.

In 1986, at the New South Wales Department ol Primary Industries Centre for Tropical Horticulture in
Alstonville, Tom's Special was used as a parent in a crossing program with E 23, Lacey and 3-1. This resulted
in the release in 1989 ol two new varieties, ‘Supersweet 1’ and ‘Supcrsweet 3, which had large, sweet fruit with
a high pulp content. These varieties, together with Tom's Special, superseded the DPI varieties in popularity.

In the 1990s the New South Wales based breeding program was successful in crossing a range of parent
material. This resulted in the release of the new varietics *964’, ‘968" and '96C" in 1996 and ‘Misty Gem’ and
‘Pinto’ in 1998. The variety ‘152" was released in 2001,

Subsequently, APIA began a crossing program to broaden the genetic base and further improve sweetness,
pulp recovery, dark skin colour, taste and cropping pattern. Six selections were tested by growers in a range of
environments throughout the growing districts. They were evaluated for productivity, resistance to pests and
diseases, appearance, taste and suitability to the local environment. Three varieties were released after internal
quality assessment and consumer panel tests: these were named ‘Sweetheart’, Jumbo Gem’ and ‘Tropic’.

The purple varieties E 23, Barlow’s Special, Purple Gold, Lacey, 96C, Supersweet, Tropic, Tom's Special, 152 and
Jumbo Gem are no longer recommended for commecrcial production. Their fruit quality, vigour and yield are
not as good as those of Misty Gem and Sweetheart.

‘Sunshine Special’ is a popular varicty grown and available in Western Australia only. This variety has not
been fully assessed or described in detail. It was a chance seedling selection and has similar characteristics to
the purple varieties. Tts large, oval-shaped fruit have an attractive purple-green colour (less purple in winter).
It shows cold tolcrance and has an extended cropping season but it is reported to have variable pulp content. Its

tolerance to diseases has not been properly assessed. It is propagated [rom cuttings with reportedly good results.

What makes a good variety?

A good commercial varicty should have the following characteristics:
* arich purple skin colour (traditionally consumers’ preference); some Panama selections such as

McGuffies Red and Pandora are also popular (but variable pulp recovery can he a problem in other
Panama selections)
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The following information is given as a guide to assist growers in selecting varieties for different growing
areas, market destinations and end uses.

The comments on each variety are based on results from several APIA*® field trials sel up in tropical and

subtropical growing regions of Australia. Consumer acceptance and internal quality of [ruit have been
objectively measured.

Note that P. edulis f. edulis varieties such as Nellie Kelly are not detailed here, as they are not considered to be
commercial varieties in the main production areas.

Check with your proposed market regarding current market varietal preferences. Other than variety and
colour, a major factor affecting price is fruit size, with larger fruit normally atiracting better prices. Prices for
Panama selections and purple varieties often differ. Historical prices for the main capital city fruit markets can
be obtained from Ausmarket Consultants at www.ausmarket.com.au

* In 2011, APIA changed its name to Passionfruit Australia Incorporated. See Appendix B for contact details.
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There is considerable variability of performance of the individual varieties in difterent environments and
management regimes. Therefore, it is not possible to give specific recommendations regarding planting
distances for varieties that will suit all situations, Howevet, it is worth noting the following:

Start with a small trial block for a new trellis system or a new variety, so that spacings can be tested and

evaluated on your sitc prior to larger scale plantings.
Sonie varieties do nol grow as large as others and so can be planted at higher densities.

Location has a major effect on the vigour of growth, though the exact effect is difficult 1o predict.

Some varieties may grow very vigorously in a hot climate while others will grow less vigorously. Adjust

planting density to suit.

Sunburn protection for fallen mature fruil can be acbicved by using closer rows. The orientation of the

rows is also important; a north-south orientation is generally regarded as best in most arcas, except the

Northern Territory (see Chapter 3). Higher trellises and alternative trellis designs such as pergolas and
T-har trellises may also help to prevent sunburn injury.

Wider rows increase sunburn but afford better air movement and so reduce diseases,

In tropical areas, for the vigorous and quick-growing Panama selections, use wider spacings between
plants.

Closer vine spacings (down to as little as 2 metres apart) provide increased early yields but require a
higher level of pest and disease management.

Allow enough space between the rows lor machinery to pass through when the vines are mature and
have thickencd out from the trellis.

Wider rows are generally needed on steeper slopes.
Be prepared to change as you expand your plantings and choose new varieties for the new areas.
Narrow row widths may limit change to more vigorous, thicker-growing varieties in the [uture.

Seek local knowledge.

As a starting point, consider the following general recommendations:

Single-wire trellises: Leaving 3 to 6 metres between plants in the row and 3 metres between rows

gives between 555 and 1111 vines per hectare. However, distances between rows can range from 2.5 to
G metres, depending upon the size of machinery to be used in the plantation, as it must be ablc to pass

easily between rows of mature vines.

Pergolas: Generally, where pergolas are used, vines are replanied each year. Therefore the vines are
planted only 3 to 4 metres apart along the row to encourage quick canopy development. The distance
between the rows must be wide enough for compact machinery to pass down the rows.

A-frame trellises: Plant spacing is critical with A-frame trellises. In general, less vigorous varicties

such as Misty Gem and Sweetheart should be planted closer together (2 to 3 metres apart} than the more

vigorous varieties such as Pandora and McGuffies Red (4 metres apart).

Chapter g Varieties, rootstocks and spacings
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In general, plant each variety as a single block. This makes it easier to manage the particular requirements of
each variety.

Pollinator plants are not required for the purple varieties, as these are self-compatible. The Panama selections
Pandora and McGuffies Red are nol pure P. edulis f. flavicarpa (they are thought to have some P. edulis I. edulis
parentage) and this provides enough variability for them to be self-compatible, so pollinator plants are not
needed.
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The most commonly used trellis for passionfruit is a single wire supported on posts about 2 metres above the
ground (see Figure 6.1}. The main branches of the vine are trained along the wire and the vine canopy hangs
underneath. The trellis should consist of the following components:

* Main strainer posts at the ends of the rows. Use split hardwood or pine treated with copper chromium
arsenic (CCA). Use posts of diameter 125 millimetres (small end) to 150 millimetres (big end) that are
3 metres long. Set the posts 1 metre into the ground, On very long rows, centre strainer posts may also
be required. It is better to drive the posts into undisturbed soil using a mechanical post-driver than to
dig holes and ram the soil around the posts. Post-driving allows trellises to carry a much grealer load
and significantly reduces vertical movement of the posts. Some fencing contractors provide post-driving
services. The depth to which posts are driven or set also significantly affects their potential movement
when under load. Posts driven to a depth of 1 metre can carry twice the load with only half the movement
of posts driven to a depth of 0.75 metres. Driving the posts at a slight outward anglc also helps to
reduce post movement when the wires are strained.

* Intermediate posts. These should be located every 4 to 6 metres along the row, depending on vine
spacing, and should be 2,75 metres long. Use split hardwood or CCA-treated pine posts of diameter
75 millimetres (small end) to 125 millimetres {big end). Set the posts 0.75 metres into the ground.
Some growers use 2.4 metre or 3 metre long 100 millimetre diameter CCA-treated logs with no taper.
Star pickets can be used instead of wooden posts.

® Stays for strainer posts. These are nol necessary where posts are driven to a depth of 1 metre. However,
in other cases, place one at each main strainer post and one on each side of centre strainer posts on long
runs. Use 75 millimetre diameter hardwood or CCA-treated pine up to 3 metres long. Alternatively, brace
the first and second posts in the row against each other using a wood or metal bar and wire tensioner, as
shown in Figure 6.2 (page 48).

* Top wire. Use 10 gauge (3.15 millimetre diameter) galvanised wire. Strain the wire taut to take the weight
of the vines. Permanent roller tensioners will make straining the wires and subsequent adjustment easier.

¢ Second wire. A second wire can be installed to hold the irrigation lateral out of the way of machinery.
Secure this wire along the trellis about 50 centimetres above the ground. It does not need to be tightly
strained. A disadvantage of using this wire is that falling fruit can be damaged if they hit it. The
alternative is to lay the irrigation lateral along the ground and mount the sprinkler on a plastic stake
pushed into the ground alongside the plant (see Figure 6.3, page 48). Young vines can be trained to a
string tied from the top wire to a wooden stake in the ground.

Note: In the Northern Territory, trellises are usually made of steel to avoid damage by termites. Either star
pickets or lengths of steam pipe are driven into the ground. Trellises are braced at either end by tying wire
stays from the end posts back onto star pickets driven into the ground at 45"

main strainer post—angle slightiy strained 10 gauge wire
back to take the strain

il intermediate posts *

j

stay (not necessary where posts
are driven to a depth of 1 m})

0.75 m in ground

ro optional wire to hold irrigation lateral (no need to strain}

Specifications for a single-wire passionfruit trellis
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Figure 7.1 Marking out parailel rows across a slope

Where the land has been previously cultivated or grazed, deep rip to a depth of at least 60 centimetres along
the rows. This will break up any hard layers of soil that have developed below the surface and may impede
water penetration and passionfruit root development. Ripping will also help with the drainage of wet areas. If
ripping downhill, lift the toolbar every 30 to 40 metres to avoid subsequent water scouring down the rip lines.

Lay out and install any drainage and erosion-control measures that have heen identified in the plantation plan
(see Chapter 3). These may include:

* main diversion drains

* surface drains

e contour drains or U-drains

e all-weather on-farm access roads
e dams

® artificial waterways

¢ bench terracing,

t

Where required, construct mounds along the planting rows (see Chapter 3).

Mounds (or raised beds) are beneficial to vine health. They help to prevent the soil around roots from
becoming waterlogged during periods of heavy or extended rainfall and improve soil depth. Saturated soils
have little or no oxygen in the pore spaces between the soil particles and the vine roots will die if they are
deprived of oxygen. When the soil dries out, vines will take some time to recover {reducing yields) or may die,
depending on the severity of the problem. In particular, base rot caused by the soil-borne fungus Fusarium
solani is often associated with vines that have been stressed in this way (see Chapter 13). Base rot cannot
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Where possible, grow a green manure crop in the cultivated strips. Use hybrid forage sorghum for spring or
summer plantings, and oats in aulumn or winter. A side dressing of urea 2 weeks after crop emergence will
promote good growth. Slash when the green manure crop is mature but before it seeds and disc into the soil,

Chapter 6 gives information on constructing single-wire trellises and other trellising options.

Mark out the vine planting sites with a peg. If a green manurc crop was not grown, apply to each planting site
onc of the lollowing:

10 litres of poultry manurc
e 2 litres ol pelleted poultry manure
* 20 litres of aged filterpress (mill mud)
& 40 litres of an organic manure such as cow manure.

Spread this over a 2 square-metre area at each site at feast 3 months hefore planting and immediately
incorporate it into the soil. Spread a coarse mulch such as sorghum stubble 15 centimetres deep over each site.
Do not place fertiliser or fresh manure or organic materials into the planiing holes during or close to planting.

Chapter 11 gives detailed information on irrigation systems, soil-moisture monitoring and irrigation
scheduling,

When you receive your vines, make sure they have good leaf colour, have a sound graft union (for gratted
plants), are free from pests and diseases, and have been hardened to full sunlight. Do not accept vines that are
stunted, root-hound or yellow.

Before planting, check the vines carefully for evidence of red scale. If you detect it, thoroughly spray the vines
with an appropriate insecticide (see Appendix A).

When to plant

In tropical and subtropical climates, you can plant any time between Septemher and March. However it is
best, if at all possible, to avoid very hotl weather periods during the summer months, as this is very stressful
on the vines. Experience shows that September to early October is best in subtropical regions. In northern
Queensland, planting in November or December may result in a crop during September to October the next
year (when prices may be high).

In Western Australia, September or October is the recommended time for planting. After this, it begins to
get too hot and dry, making establishment care more demanding. Autumn planting normally does not allow
enough time for the plant to establish before cold weather sets in.
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Training is done {o divert the vine's energy to achieve the best cultural outcome. On a single-wire trellis, the
vines need to be trained to encourage rapid coverage of the fop wire, as this will optimise the use of sunlight.
For pergolas and A-framce treflises, vines need to be trained onto multiple wires. This chapter includes basic

recommcndations for:

Training young vines to the trellis 71
Pruning mature vines 73
74

Crop manipulation



Training is required at least weekly during the first 3 months. It involves the following steps:

L.

Drive a long stake (that reaches the top wire) into the ground alongside the vine. Aliernatively, install
a string line from a short stake to the top wire or from the bottom wire to the top wire if a lower wire is
used (see Figurc 8.1).

main branches

Remove vigorous shoots in this area ’ I'

Remave all side shoots like this one

stalke orstring __y, '

tapeto support ___p, &
|

irrigation support wire i l Remove any shoots below graft

l."
i
s — ,-’/—L - 2w DR

Figure 8.1 Training the young vine

Remove all side shoots above and below the gralt, leaving a single leader, but retain any leaves on the
leader (see Figures 8.1 and 8.2). On single-wire trellises and pergolas, continue to remove all side shoots
{but not leaves) as they appear along the length of the leader until it reaches the top wire(s). On A-frame
trellises, train suitably spaced side shoots onto and along the multiple wires on the sides of the A-frames.

If necessary, remove grafling tape to prevent strangulation of the vine. Most nurseries use degradable
tape, which does not require removal. Check with your nursery.

Train the leader to the top wire by taping it to the string {see Figure 8.2, page 72).

When the leader is above the top wire, train it along the wire in the direction in which it is naturally
growing (see Figure B.1). Tape it at regular intervals {see Figure 8.3, page 72}.

On single-wire trellises, select a side shoot near the junction of the leader and the wire and train it along
the wire in the opposite direction (see Figure 8.1). Tape it at regular intervals. On A-frame trellises,
pergolas and T-bar trellises, train more side shoots to the extra wires.

Cut back any vigorous shoots within 30 centimetres of the junction of the two main lateral branches
(see Figure 8.1).
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Prices for passionfruit fluctuate throughout the year according to supply and demand. Prices are usually
highest from September to November, when supply is short because there is minimal flowering during the
cooler months of June, July and August in southern Queensland and northern New South Wales.

It may be possible to encourage flowering at these times by:

¢ pruning vines during summer to delay flowering

e replanting each year at a particular date to induce winter flowering {but take carc with timing—trial
different planting dates before using them on a large scale)

e selecting vines that produce an out-of-season crop.

There are no specific recommendations available for producing of out-of-season crops. You will need to work
out your own system to suil your own plartation.

Some growers in tropical regions prune their vines to stimulate the timely production of vigorous new growth
and so maximise fruit production to coincide with higher prices, Pruning is done with either secateurs or hedge
trimmers, Tining appears to be site specific, and there are no tried and tested recommendations available.

Other growers in tropical arcas replant at specific times to larget low production periods and high Fruit prices.

Remember that if you do produce an out-of-scason crop, it is likely to be much smaller than a main season
crop—although the price per carton may be very high, you mnay only be able to produce a small number of
cartons. It is probably better to view the out-of-season crop as a side issue producing a bonus income and
not a core business issue that you rely on for financial viability,
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Good soil health is a balance of physical properties, biological activity and chemical properties. A good balance
optimises the soil’s ability to:

e store and cycle water and nutrients

e decompose organic matter

®» inactivate toxic compounds

® suppress pathogens

e cnhance the efficacy of beneficial microbes (particularly at the root surface or rhizosphere)

e protect water quality.

Physical properties of soil

Physical properties of the soil (such as structure, texture, bulk density, porosity and plasticity) have a
profound effect on soil health and an the health of the vine. Many of these properties are adverscly affected
by soil compaction. These properties influence the water infiltration rate, and consequently the effective use
of rainfall and irrigation. They also influence susceptibility to erosion, soil aeration and the development of
hardpan layers and surface crusting. Well-aerated soil with a low bulk density makes it easy for roots to grow,
and encourages healthy root systems.

Biological soil health

The biological balance of healthy soils helps suppress the build-up of soil-borne pathogens such as
phytophthora and maintains a stable ccological balance in the soil. There are many indicators of the biological
health of the soil, including microbial biomass, microbial activity, bactlerial and fungal biodiversity, 1he ratio
of free-living to plant parasitic nematodes and earthworm density.

Enzymes produced by microorganisms play a key role in the oxidation and release of inorganic nutrients from
organic matter, so it is important to provide a soil environment conducive to micrabial activity.

Excessive use of copper pesticides in plantations can have a major and undesirable effect on the soil biota, so
care should be taken to avoid excessive use of copper sprays and foliar run-off,

Chemical properties of soil

The pH of the soil is critical. Also, there must be adequate levels of essential nutrients and the correct nutrient
Tatios to support optimum plant growth.

Soil pH
Soil pH provides one of the most valuable indicators of soil health. Soil pH is a measure of soil acidity or
alkalinity and is measured on a scale from 0 to 14. A pH of 7.0 is neutral; soil with a pH below this is acidic

and soil with a pH above this is alkaline. The pH scale is a logarithmic scale; soil with a pH of 5.0 is 10 times
as acidic as soil with a pH of 6.0,

Soil pH can be measured either in water or in calcium chloride. Tests using caleium chloride generally give
results 0.5 to 0.8 pi units lower than results of equivalent tests in water. For passionfruit, soil pH is best kept
in the range 5.5 to 6.5 {1:5 using a water test) or 5.0 to 5.5 {using a calcium chloride iest).

The acidity or alkalinity of suil influences the quantity of essential mineral nutrients available for plant
growth. Strongly acidic or alkaline soil pH levels limit the availability of most nutrients to the plant, as shown
in Figure 9.1.
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Microfine Lime has 80% of its pariicles finer than 10 microns (micrometres) and 50% finer than 4 microns. It
is more expensive than coarser products, but it reacts more quickly and can raise the pH deeper in the soil than
other lime products can. Microfine Lime is often used for application as a suspension by fertigation, but extra
agitation may be required to keep the powder in suspension in the fertigation tank. Rates are usually several
times lower than for conventional lime rates. Seek an expert opinion on rates from your product supplier.

Very heavy applications of lime can lock up micronutrients such as zinc, iron and boron, Do not exceed
2.0 tonnes per hectare in any single application. For rates in excess of this, split the applications and allow
6 months hetween them so that the lime can be incorporated into the soil by irrigation and/or rainfall.

Causes of acid soil

Nitrogenous fertilisers containing ammonium acidify the soil and liming is required to balance this effect.
The main causes of acidification are:

¢ The conversion of ammonium ions in fertiliser to nitrate ions (the form of nitrogen used by the plant) is
an acidifying process,

e Nitrate leached from the soil is accompanied hy the loss of base cations {positively charged ions), such as
calcium, magnesium and potassium. This depletes the surface soil of cations, resulting in an increase in
soil acidity.

Cation exchange capacity

Cation exchange capacity (CEC) measures the ability of the soil to hold cations, including calcium, magnesium,
potassium, sodium and aluminium. The CEC is the sum of these five cations. It is a valuable indicator of the
chemical fertility of the soi) and the availability of nutrients to the soil solution for plant growth.

Cations are held in the soil on the surfaces of clay colloids, organic matter and humus. The quantity held is
determined by pH, clay content and soil type, as well as the organic matter and humus content. Typically,
sands have CECs of 1 to 5, loams 4 to 10, clay loams 6 to 15, and clays 5 to 40, The CEC level in clay soils
depends largely on soil pH.

The balance between cations should fall between certain limits:

e Caicium should always be present in the greatest amount and should constitute 60 to 70% of the CEC,
As pH decreases, levels of calcium fall rapidly.

¢ Magnesium is normally the second most plentiful cation and should account for 10 to 20% of the CEC,
Figures greater than 20% are normally only found in heavy black and grey soils formed on basalt. Many
Australian soils have high subseil magnesium levels, This is generally not detected in soil analyses, as
soil samples are usually taken no deeper than 20 centimetres.

¢  Potassium should account for 2 to 5% of the CEC. The amount of potassium in sandy soils is generally
quite low.

¢ Sodium is an undesirable cation normally present in small quantities. Larger amounts are only found in
saline soils or those formed from marine sediments. Clay loams and clays with greater than 5% sodium
have problems with water movement through the soil.

e Aluminium is also an undesirable cation and is only present in toxic forms where pH falls below 5.0
(1:5 water). Aluminium toxicity causes root damage and reduces growth.

Organic carbon and other indicators of soil chemical health

Organic carbon is a measure of soil organic matter. It is made up of any living or dead plant and anima) material
in the soil. Organic matter is a bighly desirable constituent of the soil. Benefits of increasing the level of organic
niatter in the soil include improving soil structure, drainage and water retention; providing nutrients such as !
nitrogen, phosphorus and sulphur; and increasing the CEC. Organic matter can be increased by promoting grass '
growth in the inter-row area. Organic carbon values of more than 4% are regarded as high, 2 to 4% as medium
and 1 to 2% as low.
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es and uses of potassium

r nitrogen, is the next most important nutrient for passionfruit. Is a major component of
and, if deficient, can have a significant impact on [ruil size and guality.

ences water balance and movement in the plant. Synthesises starch and sugars with a
't effect on fruit quality. Increases the vigour and disease resistance of plants.

mobile in the soil and readily leached, particularly in sandy soils.

mobile in the plant, readily moving in all directions. Howcver, because it is not
ired to a great extent by leaves, new growth [fushes do not draw large amounts of
ssium away from the fruit.

requirements occur during fruit growth.

ss tnay lead to imbalances with calcium and magnesium.

ssium sulphate (sulphate of potash, 4100 K, 16.5% S).

ssium chloride (muriate of potash, 50% K, 509 Cl); not often used as it can cause
-ide burn.

ssium nitrate (38% K, 13% N).

Tally apply monthly, with higher rates during the peaks of fruiil growth (in spring and
ner) and lower rates during late autumn and winter. Base rates on leal and soil analyses
crop removal.

ider the availability of potasstum in relation Lo that of other nutrients, such as calcium
maguesium. An excess of one of these nutrients can reduce the availability of others.
xample, excessive applications of potassium fertilisers can induce a magnesium

ency.

use potassium is readily leached out of the soil in high-rainfall areas (which is both
eful and damaging to the environment}, apply small amounts regularly, such as by
ration every 2 to 4 weeks.
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An unmanaged approach to fertilising passionfruit can lead to excessively low or high levels of some nutrients
in both the soil and vines, which may cause several problems:

*  reduced yields and poor fruit qualify

s putrient run-off {from excessive applications) into watercourses, causing cnviropmental damage both
within and outside the properfy

o financial loss, either from fertiliser being applied where it is not needed or yicld loss through inadequate
nutrition.

Blauket fertiliser applications fail to recognise that different varieties and different blocks of vines may have
different fertiliser needs. To marimise profits, it is important to develop and implemment a fertilising program
that maximises vine growth and guality fruit production. The following information will help you do this:

Preplant soil analysis and fertilising 91
Fertilising young vines 91
Feriilising heuaring vines 91
Nutrient replacement and basic fertiliser rates 92
Nutrient monitoring 94
Soil sampling 95
Interpretation of soil analysis results 95
Leaf-tissue sampling 97
Interpretation of leaf-tissue analysis results 98
Fertiliser application methods 39
Basal application 99
Inorganic (mined or manufacturcd) fertilisers 99
Organic fertilisers 100
Non-artificial mineral fertilisers 101
Fertigation 102
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Once vines reach bearing age (from about 6 months onwards), nitrogen and potassium fertiliser application
should be based on the following principles:

1. Nutrient replacement, This is an allowance for nutrients that:
* have been removed by the harvested crop
¢ have been lost through leaching and fixation

* are locked up in the vine foliage, roots and stems and so are not available for fruit growth.

2. Nutrient monitoring. This is adjustment of fertiliser rates according to the results of soil and leaf analyses.

Nutrient replacement and basic fertiliser rates

A starting point for deciding how much fertiliser needs to be applied to vines is to replace the nutrients
that are removed from the plantation in the harvested fruit. In very simple terms, the amount of a nutrient
contained in the fruit is the minimum amount that will need to be replaced to maintain soil fertility at ils
original level.

A guide to nutrient removal was derived from preliminary research in New South Wales (see Table 10.1).

Table 10.1 Nutrient removal in fruit

Nitrogen 3.32
Phosphorus 0.33
Potassium 4.30
Calcium 0.25
Magnesium 0.20
Sulphur 0.32

In addition to this, two other factors need to be taken into account:

1. The amount of nutrient that is removed by leaves, roots and stems. This amount is locked up in the
vine's vegetative growth and therefore is not available for fruit production. The amount is estimated
to be equal to that which is lost through harvested fruit {(except for calcium, which is locked up in
significantly greater amounts).

2. Losses from leaching by heavy rainfall, excessive irrigation, soil fixation and soil erosion effects.
Expect the following losses and adjust the rates as specified:

*  30-50% of nitrogen lost by leaching, with the higher levels occurring in sandy soils. Increase
nitrogen rates by 40%,

®*  50-80% of phosphorus lost by fixation, with the higher levels occurring in red krasnozem soils.
A further 5-20% of phosphorus may be lost by soil erosion in run-off, with the higher levels
occurring in sandy soils prone to erosion. Increase phosphorus rates by 100%.

®* 20-309% of potassium lost by leaching, with the higher levels occurring in sandy soils. Increase
potassium rates by 300,

®*  5-20% of calcium Jost by soil erosion in run-off, with the higher levels occurring in sandy soils
prone to erosion. Increase calcium rates by 10%.
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s 20-30% of magnesium lost by leaching, with the higher levels occurring in sandy soils. Increase
magnesium rates by 25%.

& 5-20% of sulphur lost by soil crosion in run-off, with the higher levels occurring in sandy soils
prone to erosion. Sulphur is also temporarily immobilised during breakdown of crop residues.
Increase sulphur rates by 10%.

Because soil type and weather conditions vary so much, you may need to adjust these rates to suit your
particular conditions,

Thesc factors combined form the basis of the ‘nutrient replacement concept’ method of calculating fertiliser
requirements. For example:

1 tonne of fruit removes 3.32 kilograms of nitrogen: 3.32
Double this to account for the nitrogen tied up in the vegetative growth: 6.64
Add 40% of this amount (2.656) to account for leaching loss: 9.296

The estimated amount of nitrogen needed to replace 1 tonne of fruit is therefore about 9.3 kilograms.

Using similar calculations gives the requirements for full nutrient replacement shown in Table 10,2,

Table 10.2 Annual nutrient requirements for full replacement (Fruit and vine nutrient removali plus adjustment for leaching
and other losses)

10 92 14 112 6 5 8
15 138 20 168 9 75 12
20 184 26 224 12 10 16
25 230 32 280 15 12,5 0

A spreadsheet {in Excel format) to help calculate the amount of fertiliser needed for nutrient replacement is
available from the New South Wales Department of Primary Industries website at www.dpi.nsw.gov.au

An example of annual basic rates for nitrogen and potassium calculated using the nutrient replacement concept
is shown in Table 10.3 {page 94). This cxample is for a plantation yielding a crop of 20 tonnes per hectare and
is based on annual nutrient removal rates of 184 kilograms per hectare for nitrogen and 224 kilograms per
hectare for potassium (see Table 10.2). The annual requirement for nitrogen and potassium is broken up into

10 applications throughout the year with rates varying according to seasonal demands.

The rates given in Table 10.3 are not intended for use as a general recipe for fertilising passionfruit. They are
the basic starting points for the two main nutrients, nitrogen and potassium, which are generally the only
nutrients requiring regular application. You will need to use leal and soil analysis data as well as production
records and forecasts to adjust these rates for your plantation. Information on how to do this is given in this
chapter under ‘Interpretation of soil analysis results” and ‘Interpreiation of leaf-tissue analysis results’.

Replacement rates for nutrients other than nitrogen and potassium are determined by monitoring the levels ol
the nutrients in soil and leaf analysis results {see Table 10.4, page 96 and Table 10.5, page 98).
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Soil sampling

Samples can be taken at any lime, but it is best to take them at the same timce as the leaf analysis to help with
interpretation. Make sure the maximum possible time has elapsed since the last fertiliser application to reduce
the chance of residual fertiliser distorting the analysis.

Buy a soil sampling kit from your farm supply store and follow the instructions. Take samples of soil from
the top 20 centimetres. It is hest to take separate samples from areas in the plantation that are different from
each other (e.g. are of different age, history or soil type). Each sample should comprise about 15 subsamples
taken across the area to be represented. Take the subsamples from under the vine canopy but no closer than
30 centimetres to the stem, and within the weited area of the irrigation system, Use a plastic or stainless steel
sampling tool to take the subsamples, If one of these is not available, use a clean and non-rusty soil auger or
spade. Place the subsamples in a clean plastic bucket.

When you have collected all 15 subsamples, thoroughly mix ihe soil and remove about a cupfut for analysis.
Do this by taking pinches of soil periodically during the mixing process. Place the cupful portion on clean
paper or plastic sheeting in the shade for a few hours to air-dry. Place the air-dried soil in the plastic sample
bag provided with your test kit. Send it to the laboratory as soon as possible.

Request a full soil test, including pH, electrical conductivity, phosphorus, potassium, calcium, magnesium,
sodium, aluminium and trace elements. Most soil tests do not measure total nutrient content, but rather use
various procedures to extract ‘available’ fractions of the nutrient from the soil.

Interpretation of soil analysis results

The laboratory analysing your samples will usually interpret the results and provide recommendations ol
appropriate fertilisers and rates to bring the levels of all nuirients within the desired range.

If you want to do this yourself, or at least understand how it is done, read the broad guidelines for interpreting
soil analysis results given in Table 10.4. Soil nutrient levels from analyses vary from lahoratory to laboratory
depending on extraction procedures used, so it is important to relate the result (o the extraction procedure.
The most commonly used extraction methods and matching desired ranges lor these methods are shown in
Table 10.4, but they will not apply to every laboratory.

To work out what fertilisers you need to apply, compare your soil analysis results with the optimum ranges given
in Tahle 10.4. Only apply more than the maintenance dressings of nitrogen, potassium and boron when your soil
levels need to be adjusted upwards to bring them into the optimum range. Where the analysis results indicate
that levels are too high, reduce the amount of nutrient applied or abstain from applying any. In most soils,
nitrogen, potassium and boron are prebably the only nutrients that need to be added. in less-fertile, sandy soils,
phosphorus, calcium and magnesium as well as nitrogen, potassium and boron may need regular adjustment.
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parts per dolomite have been made, or where manganese levels are very high.
million
Boron 40-60 parts  If below desired range, cvenly apply 10 grams of borax or 5 grams of Solubor

per million Lo soil around each vine. As boron leaches easily, repeat 6 months later. On
sandy soils, split each application and apply 1 month apart.

Note that it is easy to overapply boron and cause boron toxicity.

If within or above desired range, no action is necessary.

Manganese 50-350 Rarely out of range, especially where mancozeb is regularly used for disease
parts per control.
million

If below desired range, apply a foliar spray of manganese sulphate at 100 grams
per 100 litres of water.

If very high, check soil manganese levels and soil pH. If soil manganese is
above 45 parts per million, aim for a soil pH (1:5 water) of 6.5 to reduce level
of manganese in soil solution.

* If soil analtysis has also been done, take into account soil analysis results.

g ’ )

Several methods of applying fertiliser are commonly used and there arc many different types of fertiliser
from which to choose. The following notes will help you decide which application method and fertiliser suits
your situation.

Basal application

This is the application of a solid fertiliser to the soil around the vine. Set up the fertiliser spreader to place
most of the fertiliser under the vine canopy.

Three types of fertiliscr can he used:

¢ straight inorganic (mined or manufaciured) or mixed inorganic fertilisers
*  organic ferlilisers

* non-artificial mineral fertilisers.

Inarganic (mined or manufactured) fertilisers

Inorganie fertilisers are available as straight nutrient sources or as mixtures {also known as blends). Straight
fertilisers are usually preferred, as they allow each nutrient requirement to be addressed accurately and are
cheaper per unit of nutrient than mixed lertilisers.

Note that urea (a commonly used straight fertiliser containing nitrogen) is readily converted to ammonia in
the soil, often within a couple days of application. If the urea is not washed into the soil by rain or irrigation,
large losses of nitrogen can occur through volatilisation (where the ammonia changes to a gas and is then
lost into the atmosphere).

Mixed fertilisers {often called N:P:K) are convenien! to use but may cause a nutrient imbalance by
oversupplying eone nutrient and undersupplying another. For example, continued use of these fertilisers
may result in a build-up of phosphorus.

The nutrient content of a fertiliser is displayed on its label. Mixed fertilisers are usually described by the
percentages of nitrogen, phasphorus and potassium (N:P:K} contained in the fertiliser and there is a wide range
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® increase nutrient availability
e suppress disease organisms through increased microbial activity.

Where organic matter is applied as a nutrient improvement, nutrient release rates are lower than for
manufactured fertilisers. Deep-litter fowl manure should be stored for 1 to 2 months before spreading, to

allow some decomposition. Ideally, it should be stored under cover to prevent wetting and leaching of valuable
nutrients such as nitrogen and potassium. Caged-fowl manure may be an alternative, but it is stronger than the
deep-litter manure, so use lower rates.

Mill mud (a by-product of sugarcane milling) is sometimes available in tropical and subtropical coastal
districts. Be awarc that weed seeds may be moved into plantations with this material.

Volatilisation of ammonia can be high from any fertilisers that contain nitrogen in the ammonium form,
These include natural organic fertilisers, particularly those derived from fowl manure, urea and ammonium
nitrate. These fertilisers should be rapidly incorporated into the soil, where they can be transformed to nitrate.
The greatest losses occur when organic fertiliser is applied to the top of the soil and periodic light rain wets
the fertiliser, but is insufficient to wash the soluble nitrogen into the soil. In such cases, a high proportion of
nitrogen will be lost to the atmosphere as ammonia.

Organic fertilisers generally have low levels of nutrients and application rates should he adjusted for this. Extra
nitrogen and potassium will often be required. The compositions of some commonly used organic fertilisers are
shown in Table 10.8.

Fowl manure (caged) 2.0-5.0 2.0-3.0 0.5-2.7
Fowl manure (deep- 2.0-7.0 2.5-3.5 1.5-2.5
litier)

Poultry pellets 3.5 2.5 1.7
Blood and bone 4.0 4,0 -
Cow manure 0.5-1.0 0.1-0.3 0.4-0.5
Sheep manure 0.9-1.8 0.3-0.4 0.3
Horse manure 0.6-0.7 0.1-0.3 0.4-0.6
Pig manure 0.5-0.6 0.1-0.6 0.3-0.4
Mill mud 0.5 0.2 0.04

Non-artificial mineral fertilisers

In recent years there has been a movement away from reliance on high-analysis artificial fertilisers with
high salt content. Many growers use natural mineral-based fertilisers with biological soil activators. These
fertilisers should not be regarded as a substitute for other fertilisers, since they are unlikely to contribute
the quantity of macronutrients required to sustain high yields. However, they may be included in a
planned [ertiliser program and have the following benefits:

®* They are slow-releasc and do not leach or volatilise as much as some chemical fertilisers do.
¢ They improve soil structure,
¢ They improve soil health and increase soil microbial activity.

¢ They are soil microflora and microfauna friendly and encourage the build-up of populations of
beneficial organisms.
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Fertigation

Fertigation is a method of applying fertiliser through the irrigation water. Because passionfruit need regular
applications of fertiliser, fertigation is recommended and has many advantages over the manual application of
solid lertilisers. These include:

s  Fertigation uses less labour.

* i gives more efficient nutrient uptake and allows fertilisers to be applicd more regularly and
conveniently.

+ Nutrients are always readily available to the plant because of regular applications.

¢ Nutrients arc readily accessed by the plant becaunse fertiliser in irrigation water is applied cxactly where
it is needed, in the rooting zone,

* Erosien and leaching losses of lertilisers are minimised.
+  Urea fertiliser can be used without gascous losses.

Fertigation is more efficient than basal application, su the quantity of nutrients applied can be reduced by
up to 25%. Fertiliser can be added during every irrigation if desired, but fertigation every 2 to 4 weeks is
generally most practical.

The effectiveness of fertigation depends on the effectiveness of the irrigation system. Scek professional
advice from an experienced irrigation designer on planning and operating the system. The full advantages
of irtigation and fertigation only become evident if the irrigation system is designed correctly {0 meet vine
requirements and to distribute water and fertiliser evenly. Irrigation output musi be uniform across the block
to fertigate accurately. Where fertigation is used on sloping land, use pressure-corpensating emitters (either
minisprinkler or drip). Avoid application at the end of an irrigation because there will be uneven drainage of
lines. A good filtration system is essential.

Before starting, have a water-testing laboratory analyse the irrigation water. Make surc an iron test is included
to assess the potential risk of blockages from iron bacteria,

Fertilisers used in fertigation must be highly soluble to avoid pump damage and pipe blockages. Mixtures of
fertiliser must also be compatible to avoid precipitation, which can block sprinklers and cause rool damage.
For example, calciumn and phosphate fertilisers mixed at high concentrations often form precipitates. The
most suitable fertilisers for fertigation are urea, calcium nitrate, potassium nitrate and technical grade
monoammonium phosphate (MAF). Some fertilisers suitable for fertigation are listed in Table 10.9. Several
commercial soluble fertilisers that supply a range of nutrients are also available,

Table 10.9 Soluble fertilisers for fertigation

Urea Nitrogen 46% N

Calcium nitrate Calcium, nitrogen 18.8% Ca, 15.50% N
Potassium nitrate Potassium, nitrogen 3830 K, 13% N
MAP (monoammonium phosphate  Phosphorus, nitrogen 12% N, 26.6% P

technical grade)

MKP (monopotassium phosphate) ~ Potassium, phosphorus 28.6%W K, 22.8% P

Fertigation is limited to highly soluble fertilisers, and is effective in applying fertiliser to the irrigated zone
only. Therefore some ground applications of fertilisers {such as lime and phosphorus) may also be necessary.

Because of the corrosive nature of many fertilisers, the componenis of the irrigation system that come

into contact with the solutions should consist of stainless steel, plastic or other non-corrosive materials,
Concentrations of total nutrients in the main line should not exceed 5 grams per litre. Always mix fertilisers
in a sufficient volume of water. If fertilisers are not completely dissolved and mixed prior to injection into the
system, varying concentrations will be applied and/or blockages may occur within the systerm.
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Modern fertigation systems use injectors to inject preset quantities of fertiliser into the irrigation system.
They also incorporate electronic devices that ensure the injection rate is kept relative to the flow rate of
the irrigation system. Injection rates can also be controlled by flow regulators, ball valves or electronic or
hydraulic control units and computers.

Older systems rely on either:

e venturi suciion from a tank with the flow rate conirolled by a gate valve
* direct injection into the suction line of the irrigation pump (but beware of impeller corrosion)

e pressure differential (PD) drums, where some main-line flow is bled off through a pressure drum
containing a concentrated fertiliser solution before being injected back into the main line as a diluted
fertiliser solution.

Injection can start any time afier the system is fully operational (that is, it has reached operating pressures and
is flowing, and all air is out of the irrigation lines). It is best, however, to irrigate for a while at the start to wet
the root zone and then fertigate during the latter part of the irrigation cycle. Merck™ nitrate test strips can be
used to follow a dose of potassium nitrate through a system. This will give a direct and visual indication of
the time it takes to inject aund then flush the system. Alternatively, potassium permanganate {Condy's crystals)
can be used to dye the irrigation water to make the same measurements. After injection is completed, continue
irrigating for at least the measured Hushing time to wash any fertiliser residues out of the irrigation system.

Install anti-siphoning valves or non-return valves where necessary to prevent backflow or siphoning of water
or the fertiliser solution into fertiliser tanks, irrigation supply, houschold supply or stock supply.

During the irrigation seasomn, it is important to monitor:

e pH effects in the root zone

* the effects of soil temperature on nutrient availability
e corrosion and blockages of outlets

* reactions with salts in the soil or water.

Fertigation increases the quantity of nutrients present in an irrigation system and this can lead to a build-up
of bacteria, algae and slime. Remove this build-up at regular intervals by flushing chlorine or acid through
the system. Do not inject chlorine at the same time as fertiliser, as the chlorine may tie up nutrients and make
them unavailable to the vines,

It is very unlikely that the amount of chlorine used to clean the system will be toxic to the vines. However,
should this occur, the chlorine in the soil may be leached out {rom the root zone using a large application of
irrigation water, or by high rainfall. If applying irrigation water, do so before fertigating to avoid leaching all
the nutrients as well!

The Queensland horticulture industry’s peak body, Growcom, provides a number of fact sheets on fertigation at
WWW,Erowcom.com.au

Foliar fertilisers

The normal approach to fertilising passionfruit is to apply the required fertiliser to the soil for uptake by

the roots; this is the most efficient way of meeting the nutritional needs of the vine. Only small amounts of
nutrients can be absorbed by the leaves and often these cannot be redistributed from the leaves to other parts
of the plant. In some instances, a foliar fertiliser supplement may be beneficial as a short-term treatment for
deficiencies at critical times, such as when the uptake of nutrients by the roots may be restricted during wet or
cold conditions. Foliar fertilisers cannot be used as a replacement for basal or fertigation applications.
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Examples of situations where foliar fertiliser may help are:

» application of potassium during peak periods of fruit growth thelps with fruit colouring and growth)

e application of potassium and/or magnesium if soil nitrogen levels are high or there is an imbalance
between potassium, calcium and magnesium

s application of boron in early spring when winter and early spring conditions are unusually cool and root
uptake is reduced.

Where foliar fertilisers are required for specific nuirients, use those listed in Table 10.10. Complete foliar
fertilisers that contain a range of nutrients (such as the Liquifert™ range) are also available.

Table 10.10 Foliar fertilisers for use in passionfruit

Porassium Potassium nitrate 2 kg
Magnesium Magnesium sulphate (Epsom salts) 1kg
Boron Solubor 100 g

Avoid using foliar fertiliser in the 2 monihs prior to leaf analysis sampling because residues on the leaves will
distort the results. If the conceniration of the solution is too strong, burn damage to fruit or leaves may occur.
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Passionfruit vines need finely halanced water management. Too little water causes:

¢ reduced vegetative growth and hence reduced tlowering and fruit production
¢ reduced flower bud initiation and flower opening

e smaller ruit with reduced pulp

¢ increased fruit drop

¢ reduced uptake of plant-immobile nutrients such as boron and calcium

® increased incidence of passionfruit woodiness virus through reduced vigour.

When guarding against under-watering, it is easy to go to the other extreme. Too much walcr causes:

* reduced vine vigour and fruit quality through reduced soil aeration
¢ increased incidence of base rot and rootrot
® increased risk of nutrient imbalances

* increased leaching of nutrients out of the root zone, which wastes fertiliser and pollutes groundwater.

A water reserve of 3 to 5 megalitres (1 megalitre = 1 million litres) per hectare of vines is generally
sufficient to maintain production in plantations with summer rainfall, depending upon location and climate.
Where passion(ruit is grown in areas with very hot, dry summers (such as parts of Western Australia), 10 to
15 megalitres of irrigation water per hectare may be needed.

Passionfruit vines are sensitive to salinity. Water salinity or conductivity should preferably be less than
0.8 decisiemens per metre (800 microsiemens per centimetre). Test all new irrigation sources before use and
test all existing sources regularly, especially if using bore water, since hores can hecome more saline under
extended drought conditions.

Only a small proportion of the vine’s water requirement is used for growth of stems, leaves, roots and fruit.
The majority is lost through transpiration through the stomata (small pores) on the leaf surface. This water
movement through the vine is essential for carrying nutrients from the roots and for cooling sunlit leaves,
which would otherwise get sunburnt.

Plant water use depends on supply and demand—the ability of the soil to supply sufficient water to the roots,
and the demand for water determined by weather conditions, the size ol the canopy and the resistance to water
loss from the leaves, The stomata are able to close when water supplies are limiting, hence decreasing water loss.

The demand for water

Leaves comprise about 80% water and water evaporates [rom them into the relatively dry atmosphere. The
demand for water is higher in sunlight when:

e humidity is low (that is, there is a drier atmosphere)
s temperature is high
= wind speed is high

e the Jeaf area (which provides the evaporative surface for water loss from the vine] is greater,
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Compaction

Soil compaction reduces water inhltration and water storage and inhihits root penetration. Although machinery
traffic will inevitably cause some inter-row compaction, you can minimise the problem by doing the following:

» Maintain an inter-row grass sward. This helps reducc surface soil erosion and the grass roots help keep
the soil structure open, improving water penetration,

¢ Do not use machinery in the orchard unless necessary. Monitor pests Lo avoid unnecessary spraying, use
fertigation to minimise the use of machinery to apply fertilisers and increase intervals between slashing.

*  Avoid using machinery immediately after rain, as this often seals the soil surface.

® Limit the area subjected to compaction by using the same wheel track positions when travelling down
the inter-row space,

» Consider using a soil renovator about once a year. Several types arc available, but they all open up the
soil surface without significantly damaging rool systems or the inter-row plant cover.

® Use flotation or wider tyres on machinery.

Windbreaks

Windbreaks prevent excessive water loss from vine foliage under windy conditions by reducing evaporation.
When installing irrigation, cater for the windbreak trees as well as the vines. This helps them to grow quickly
so that they can provide proteclion earlier.

D pin irr €1

The first essential requirement of efficient irrigation is a water supply with an irrigation system capable of
delivering the required amounts of water when needed without wasting your scarce water resource.

When designing and building an effective irrigation system, there is no substitute for experience. The best
way to do this is to have a qualified irrigation designer prepare an irrigation design plan. There are several
irrigation systems that can be used:

* Microjets. These deflect water in an arc and have no moving parts. The best system has two 180° jets
{one on each side of the vine stem) per vine,

¢ Minisprinklers. Small rotating sprinkler heads spray water in a circle under the vine. One sprinkler per
vine positioned 30 to 50 centimetres to one side of the vine is the normal configuration.

* Trickle systems. This alternative has two drippers per vine located from 30 centimetres to | metre
either side of the main stem. Trickle systems are unsuitable for sandy soils because the water tends to
drain away quickly, wetting only a very small band of soil below the dripper. They also need to be well
designed to operate effectively and must be properly maintained to prevent blockages.

e T-tape or inline drip systems. These have closely spaced holes and suit lighter soils. They must be
carefully set up and intensely monitored and maintained because the restricted Toot zone provides less
margin for error. The major advantage is their excellent economy of water use. A major problem is that
they are susceptible to damage by birds, rats, hares and wallabies. In one trial, a system of this type was
unusable after 12 months of continual repairs.

Good filtration is imporrant for microjets and essential for trickle and T-tape systems. Emitters should be

interchangeable so that the amount of water delivered can be varied. Colour coding of the emitters makes
this easy.

Whatever system you use, it must be able to supply water to a depth of about 1 metre, the normal depth of roots
in the soil. Remember to aliow extra capacity in the design to water windbreak trees and to provide additional
water to the rows of vines planted adjacent to the windhreak trees.
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s Tfdesited, place covers made from silver/blue insulation foil over the tensiometers to minimise
temperature fluctuations and algal growth. Leave the gauge exposed for easy reading.

¢ Clearly mark tensiometer locations to avoid damage from tractors and other equipment.

The two main principles when installing tensiometers are:

e Maintain good contact heiween the soil and the ceramic tip.
e Ensure there are no easy pathways for water to flow directly from the soil surface to the tensiometer tip.

The tensiometers are now ready 1o operate. Use the vacuum pump to remove any air bubbles. Tensiometers may
take a few irrigation cycles to settle down, so do not take too much notice of the readings for the first few days.
During this period, air gaps may appear in the tensiometers. Simply refill them with algaecide-treated water.
Within a week of installation, readings will respond to changes in soil moisture, falling with irrigation or rainfall
and rising as the soil dries out.

Reading tensiometers

Read tensiometers at the same time each day before 8 am. At this time there is [ittle water movement in the soil
or plant. Read them at least twice a week hut preferably every day. Tt is best to read the tensiometers daily for
the first few wecks to get a fcel for the system.

Lightly tap the gauge before reading the tensiometer. The shallow tensiometer indicates when to water. The deep
tensiometer indicates when the right amount of waler has been applied.

Irrigating using tensiometers

Start watering when the shallow tensiometer reads 10 to 20 kilopascals in sandy soils or 30 to 40 kilopascals
in loam and clay loam soils. Stop watering when the reading on the deep tensinmeter falls to 10 kilopascals.
These readings are a guide only. You need to adjust your irrigation to suit your particular soil type and crop
condition.

If the readings continue to rise immediately after irrigation, not enough water has becn added. If its readings
fall to less than 10 kilopascals soon after irrigation, too much water has been added.

In heavier soil, the deeper tensiometer may bave a delayed response because of a slower infiltration rate. In
this situation, irrigate for a set period when the shallow tensiometer indicates it is necessary and then wait
overnight to see how the deep tensiometer has reacted. Adjust your irrigation length accordingly next time you
irrigate. After a few irrigations, you will have established your reference irrigation length.

Once a week, remove any accumulated air using a vacuum pump and check that all gauges are working. Refill

tensiometers with clean water as required.

Troubleshooting tensiometer problems

* No water in the tensiometer; gauge reads 0. There is either a crack in the ceramic tip or a faulty seal.
Fill the tensiometer with water and apply suction with the vacuum pump. A stream of large bubbles will
indicate the problem area; it is usually a cracked tip or a missing O-ring.

s Air entering over several days; gange registering more than 5. There is either a hairline crack in the
tip or a substantial air gap in the soil around the tip. Remove the {ensiometer. If there are no obvious tip
cracks, reinstall it in a different spot. If the problem persists, replace the tip.

* No change in readings over several days. The gauge may be faulty or blocked. Check the gauge is
working by:

» applying suction to the tensiometer with the vacuum pump or
e removing the gauge, rinsing it with clean water and sucking it.

If the needle does not move, the gauge is laulty and should be replaced.
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* Tensiometer readings increase beyond 80 then fall to 0, accompanied by air in the tensiometer. The
soil has become toa dry for the tensiometer to operate. After irrigation, refill the tensiometer and treat
it as il it had just been installed. If this happens frequently, consider whether you are under-watering.
If you are happy with your irrigation scheduling, try installing the shallow tensiometer slightly deeper.
This problem should never occur with the deep tensiometer.

Capacitance probes

Capacitance probes measure the dielectric constant of the soil and consequently its water content. They are
available in two forms: portable versions (e.g. the Gopher® and the Diviner®)] and non-portable versions
{e.g. the EnviroSCAN® and the C-Probe®).

Portable versions

A portable version consists of a probe on the end of a rod. It is passed down 50 millimetre diameter PVC access
tubes to determine the moisture content of the soil. Readings are taken at 10 centimetre intervals down the
access tubes and recorded by a handheld logger. Soil-moisture readings can be measured on site or downloaded
into a computer and calculated later. The logger can handle up to 99 sampling sites. The machine measures soil
moisture in millimetres and can be used to estimate when to water and how much to apply.

Non-portable versions

These are continuous moisture-monitoring devices consisting of multiple snap-in sensors mounted on probes {see
Figure 11.4). The probes are placed within vertical PVC access tubes installed semipermanently in the plantation.
The probes are generally left in place for the season and then moved to another tube or site as required. However,
a probe can he moved from tube to tube to record readings at several different sites. Measurements from the
sensors are rclayed at set times along a cable to a data logger for recording. Data from the logger are downloaded
t0 a computer every few days to show water use and to provide recommendations for watering.

fj\\J

tap cap cable to logger

soil level ,‘J
T

access tube

sensor electrodes
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\ 1.4 Diggrammatic representation of an Fnviroscan® probe

For passionfruit, two probes are the minimum recommendation for a block, but the number of sites needed
depends on the variability in soil and the varieties grown. The first probe should have sensors at 10, 30, 50 and
100 centimetres. The second probe should have sensors at 10, 30, 50, 100 and 150 centimetres to monitor lasses
from deep drainage, When setting up probe sites, consider the water distribution patterns from the irrigation
system and paosition the probes appropriately. The equipment can be hired from some consultants.
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Managing insect and animal pests is one of the most difficult aspects of growing passionfruit. There are a
number of serious pests, and inevitahly some will occur in your planfation. Several common passionfruit pests
have the pofential to significantly reduce fruit yield and quality, and some pests can Rill vines.

It is now generally accepted that it is more economical and effective to use an integrated pest management

method to control insect pests than to simply spray chemicals on a routine basis. Here are the important things
you need to know:

Pest identification—the Passionfruil problem solver field guide 123
Pest problems of passionfruit 123
Approaches to pest management 123
The traditional approach to pest management 123
The modern approach—integrated pest management 124
The managed spraying alternative 124
Management and prevention of pest infestations 124
Major pests 124
Fruit flies 125

Red scale 126

Minor pests 127



The first step in preventing pest problems in the plantation is lo identify the cause of damage to the crop.

The Passionfruit problem solver field guide can help you identify the pests and the damage they cause in
passionfruit plantations.

This pocket-sized guide is illustrated with full-colour pholographs and is printed on waterproof paper so that
it can easily be carried around the plantation. It is available from the Queensland Government Bookshop at
www.hookshop.gld.gov.au

Some pests are more common and more serious than others. The statuses of pests that are known to affect
passionfruit in Australia are summarised in Table 12.1.

Table 12.1 Statuses of pests

Ll Lo, 1au avalt AULS (WHICTL CHCUUTdEE Apnias, banaicools, birds
scales), green vegetable bugs, (especially cockatoos), borers,
hemispherical scale, passionvine crickets, echidnas, green coffee
mealy bugs, passionvine bugs, scale, hares, lesser coffec bean
passionvine mites, spotting bugs weevils, mice, nematodes, pigs,

rahbits, rats, Rutherglen bugs,

snails, soft brown scale, swarming .
leaf beetles, termites, thrips, white

grubs, white peach scale

The traditional approach o pest management was to apply pesticides at regular intervals throughout the year.
This approach had a number of problems:

It was a waste of money if the pests were absent.

The traditional approach to pest management

It disregarded the fact that small numbers of pesis can be present in vines without significantly affecting
yield and quality. In these cases, the cost of spraying was often much greater than the benefit gained by
controlling the pest.

It increased the risk of chemical damage to the fruit.

It relied heavily on new chemicals heing developed to replace those to which insects and mites developed
resistance. This contradicts the modern reality, where fewer new chemicals are being discovered,
developed and registered for use.

It was severe on beneficial insects and mites and sometimes resulted in outbreaks of pests that were well
controlled naturally.

It unnecessarily increased the exposure of farm residents and workers to a range of toxic chemicals.

It increased the amount of chemical residue in both the fruit and the environment.
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The modern approach—integrated pest management

The modern approach to inscct and mite pest management invelves less reliance on chemicals. It uses all ora
number of complementary control measures in an integrated program known as integrated pest management
{IPM}. The key elements of IPM are:

e Use cultural control measures such as growing less-susceptible varieties, crop hygiene and crop rotation.

= Use biological control measures such as naturally occurring or introduced parasites, predators and
pathogens of the pests (ofien called ‘beneficials').

* Use chemicals that have a minimal impact on beneficial parasites and predators, and are ‘softer’ on the
environment.

¢ Usc chemicals only when necessary.

= Apply chemicals carefully with well-calibrated spraying equipment to avoid crop damage, excess
residues and off-site pollution.

* Use a monitoring system (see Chapter 14) to determine pest and beneficial levels. Use chemicals only
when pest numbers exceed preset threshoids.

An IPM system that uses all of these clements can be used for passionfruit. However, even though in some
siluations mealy bugs and red scale can be well controlled, IPM is not without its risks. It works best:

* where pest consultants or skilled workers are available to monitor for pests and provide on-the-spot
technical advice

* where a grower is dedicated to IPM ideals and is prepared to accept occasional higher damage levels that
are inherent in a biological system, trading thatl off against the advantages of an IPM system.
The managed spraying alternative

If you are unable to employ a complete IPM system, you can still take advantage of the principal benefit
offered {reduced chemical spraying) by using just some of the elements. The strategy for managed spraying is:

* Monitor pest populations as outlined in Chapter 14.
* Use chemicals only when action levels are reached; do not introduce hiological control measures.

» If possible, use chemicals that are less toxic to naturally occurring parasites and predators so that you
gain maximum benefit from their activity.

*  Carefully apply chemicals with well-calibrated spraying equipment so that maximum impact is achieved
with each spray.

Managed spraying is the recommended system for pest control in passionfruit.

The information that follows is not intended as a guide to pest identification or diagnosis of the cause of
damage. The Passionfruit problem solver field guide is recommended for this.

Note: A full list of chemicals registered (al the time of writing) for use on passionfruit is given in Appendix A.
Registrations change from time to time; new ones are approved and existing ones are revoked. You must check
that registrations are current for chemicals before using them and always follow label directions.

Major pests

Fruit flies and red scale are the most common and most serious pests of passionfruit. Recommended
management and prevention strategies for them are given in the following sections.
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Amulet® baits can be used to deplete the population of male fruit flies in an area so that females are unable to
mate or produce fertile eggs. Growers have reported good results using these in conjunction with weekly bait
spraying using a Hy-Mal® and ycast autolysate mixture.

Allernatively, a cover spray of the whole plantation using an appropriate registered insecticide can be effective.

Some purple passionfruit varieties with hard skins are less susceptible to fruit fly attack.

Red scale

Red scale is a major and frequent pest, and is responsible for Iimiting the lives of vines to 3 years or less in
most regions. It is a hard or armoured scale with a thin, circular, leathery covering over the soft, flattened,
shield-shaped insect.

In Queensland and northern New South Wales, there are 4 to 6 gencrations per year (a generation every 6 to 8
weeks during spring, summer and autumn). Each adult female gives birth to about 150 young, which are called
crawlers, The crawlers disperse over the vine looking for suitable feeding sites on teaves, stems and fruit. Until
they settle, crawlers can he blown by wind to other vines. Populations can build up very quickly because of the
large numbers of crawlers produced,

Once established, red scale is ditficult to control with sprays, as the dense leal canopy limits spray penetration.
Red scale can be well controlled by natural parasites, provided they are not disrupted by broad-spectrum
insecticides.

The scale is toxic to the vines and heavily infested vines usually do not recover. It is one of the major causcs
of poor growth and death of vines and a reason why plantations have to be replaced aboul every 3 years.
Longevity of a plantation depends on keeping red scale out for as long as possihle and then minimising its
development. Management of red scale involves a numher of important steps:

1. Before planting. Remove old scale-infested blocks, particularly any upwind of the planting site. Check
vines to be planted carcfully for scale. If any is present, thoroughly spray the vines with a registered
insecticide.

2. Young vines. During the first 6 months after planting, monitor vines regularly for scale. Check the stems
carefully, as that is often where the scale first shows. I a stem becomes infested, spray it thoroughly
with a registered insecticide. Follow label directions. Do not use petroleum or paraffin oils when
temperatures are above 30 °C. Try to slow the spread of scale in the first season and, since adult female
scales do not move, apply insecticides as high-volume sprays to thoroughly wet infested areas,

3. Bearing vines. After vines reach 6 months of age and the main leal canopy forms, continue to monitor
the stems but also check the main branches and laterals for scale. If it is detected, examine it closely
10 see if there are signs of the main parasitoids, the small wasps Aphytis lingnancnsis and Comperiella
bifasciata. To do this, lift the covers off several scales to see if the yellow larvae and/or pupae of the
parasitoid are present. Larvac and pupae can be readily recognised by the brown larval faecal pellets
that surround them. If the parasitoid is not present, introduce commercially produced parasitoids. Some
ladybirds (such as Cryptolaemus montrouzieri and Chilecorus circumdatus) and their farvae are predarors
of red scale.

Unfortunately, natural control is usually insufficient to control this pest in passion[ruit. Also,
unnecessarily applying broad-spectrum pesticides that kill beneficials will only make control of the pest
more difficult. If you detect scale on vines during their first year, introduce the commercially available
parasitoid Aphytis lingnanensis and/or thoroughly spray the vines with an appropriate registered
pesticide. If possible, use a paraffin mineral oil or an insect growth regulator, as these are less likely to
disrupt any beneficial insects present. Follow the label directions and do not apply when temperatures
are ahove 30 °C. Apply as high-volume sprays to thoroughly wet the vines.

On older vines, introduce parasitoids or spray when 5% of vines are infested. Effective spray coverage

is difficult in older vines and repetitive spraying of paraffin oil (at 3 to 4 week intervals) may be
necessary 1o control a severe infestation. Check for any phytotoxic effects caused by excess oil. Identify
heavily infested vines during picking and use coloured tape to mark them so that they can receive extra
attention (such as individual spot sprays).
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Following severe disease outbreaks, incorporating other fungicides (such as iprodione or azoxystrobin) into
the preventative program hefore, during and after extended wet periods may assist in control. Avoid the
build-up of diseasc resistance when using either of these fungicides by following the resistance-management
recommendations on the lahel.

Trials on ‘plant defence activators’ may lead to the registration of chemicals that provide control of certain
diseases by stimulating the plant’s own natural defences. In particular, certain compounds of silica may
induce the development of stronger cell wall structures. Your chemical retailer will be able to advise you about
regisirations of these chemicals and their use when they become available.

Always check chemical registration details on the label and follow label directions.

Pruning and repl iting

Pruning is also beneficial in disease control. It improves spray coverage and reduces disease inoculum in the
canopy, especially when diseased parts ol the vine are also removed. However, because pruning is expensive
and there is a risk of diseases persisting and quickly reinfecting regrowth, it is generally accepted that a
complete replanting is the most elfective way of dealing with severe disease problems. Passionfruit vines are
relatively cheap to replant, and a replanted plantalion can come inio production in 6 to 12 months (depending
upon management and environmental conditions). Some growers replant every 1, 2 or 3 years (depending upon
location) regardless of the condition of the vines to maintain plantation health and vigour.

Major and common diseases

The following information is not intended as a guide to disease identification or diagnosis of the cause of
damage. The Passionfruit problem solver field guide is recommended for this.

Note: A full list of chemicals registered (at the time of writing) for use on passionfruit is given in Appendix A.
Registrations change from time to time; new ones are approved and existing ones are revoked. You must check
that registrations are current before using chemicals and always follow label directions.

Viral diseases

Viral diseases have a major factor effect on the productivity of passionfruit vines. ‘Vine decline’ has become
an increasingly serious problem in recent years. The widespread presence of viral infections in vines in all of
the growing areas of New South Wales and Queensland is thought to be the main cause of this problem.

The prohlem is generally worse in New South Wales and south-eastern and central Queensland than in
northern Queensland. This does not mean that vines in northern Queensland are not infected; cultural
practices such as growing Panama sclections from seeds and replanting every year as well as the warm climate
reduce expression levels. That is, there has not been enough time for the disease the symptoms to appear and/
or the vines' vigorous growth masks the symptoms.

Growers usually refer to viral diseases as ‘woodiness’. However, research has shown that most commercial
plantings have one or more of the following viruses:

* passionfruit woodiness virus {(PWV)—mild, severe or tip blight strains
e passiflora virus Y (PVY)
* clover yellow vein virus (CYVV)
» passiflora latent virus (PLV)
Two other (very rare) viral diseases have also been found in passionfruit:

* cucumber mosaic virus (CMV), which has only been found in one plantation

®  badnavirus, which has been found only in Panama vines in northern Queensland and is associated with

severe fruit and leaf distortion.
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Virus symptoms are most pronounced in cool weather. During the remainder of the year, vine growth in well-
managed plantations is sufficient to keep pace with PWV development, so that symptoms are masked and
generally not a problem.

These viruses are spread via infected scion tips when grafting, in plant sap on pruning equipment and hy
feeding aphids. Once vines are infected, there is no cure. There is no evidence that any of the viruses are
transmitted in seed. Viruses can also be transmitted in tissue culture, so propagation using tissue culture is
not a solution.

Various aphid species are carriers of the viruses found in passionfruit; no other insects are able to transmit
passionfruit viruses. Aphids are very common. When they settle on a passion{ruit vine they will test-feed
1o check whether they are on a suitable host, and will transmit the virus to the vine during the initial few
seconds of the test-feed. Because the infection occurs so gquickly, using insecticides to control aphids is not
a practical solution, On the contrary, there is evidence that insecticides increase the feeding activity of the
aphids before they die and so more vines would he infected if insecticides were used.

Strategies that can be used to manage viruses in passionfruit include:

¢ C(lean secateurs with soapy water at regular intervals when collecting tips for propagation. This will help
to reduce the possibility of virus transmission via the sap.

*  Check with your nursery that they only use scion material from healthy-looking vines, that they select
fast-growing tips with long internodes and avoid tips that are hardening off. This will nol remove
viruses from the propagation cycle, but it will help to ensure that only the plants that are most tolerant
to the viruses are used for propagation,

*  Grow tolcrant or resistant varieties. Current purple varieties have some tolerance and an industry
breeding program is underway lo improve resistance in future varieties. Tolerance and resistance are not
the same: tolerance means that the plant is able to survive and grow even though it is intected with the
virus; resistance means that the virus cannot establish in the plant.

¢ Panama selections such as McGuffics Red and Pandora should only he propagated from seed, Passionfruit
viruses are not transmitted in seed and even though the vines will probably be infected by feeding
aphids, there may be enough initial virus-free growth to help them better tolerate infection when it
DCCurs.

®  Where practical, replant whole blocks, Remove all old vines, as these are the main source of infection
for new vines. If possible, replant upwind of other blocks in the plantation to slow the spread of the virus
from the older vines.

* Aphids are not strong fliers and tend to drift with the prevailing wind. Use windbreaks to help minimise
the movement of aphids through a plantation.

= Symptoms of the disease are often seen on vines that are stressed. Ensure windbreaks are established
to minimise the impact of cold winds. Establish plantations in warm, sheltered locations and maintain
vine vigour by fertilising and watering appropriately, especially during the winter months. This will help
reduce the impact of viruses on productivity.

¢ Remove and destroy severely affected vines, as they will not recover. Vines mildly affected by PWV
usually recover as growing conditions improve. Removing vines showing virus symptoms will not
necessarily reduce averall infection levels in the block—the virus will almost certainly have been passed
on to other vines during the lag time hetween infection and appearance of symptoms.

e If possible, eradicate wild and volunteer passionfruil growing near your plantation.

s Ifvirus-free vines become available, ‘barrier crops’ planted around blocks may help kcep aphids out of
the vines and may ‘clean’ the aphids of viruses before they move into the vines. Barrier crops need to be
attractive to aphids but not hosts of the passionfruit viruses; sorghum may he suitable.

Fungal diseases

Major and common fungal diseases of passionfruit and the recommended management and prevention
strategies for these are given in Table 13.2.
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To effectively control pests and diseases in horticulture, you need to carefully monitor the crop. Moniforing helps
vou gather the information you need to manage pest and disease problems.

Biosecurity planning, both at individual farm ard industry-wide levels, will help prevent the establishment and
spread of endemic and exetic diseqses.

To find out mere about how to monitor for pests and diseases and abour biosecurily issues, read the following
sections:

Monitoring 141
Requirements for monitoring 141
How many vines to monitor 142
How often to monitor 142
Monitoring procedure 142

On-farm biosecurity 144
The Passionfruit Industry Biosecurity Plan and evidence of absence 144

Monitoring chart 145



Whether you are using integrated pest management or following a managed spraying program (see Chapters 12
and 13}, you need to regularly monitor your plantation for pests. Monitoring for endemic pests helps growers to
decide:

s  whether or not 10 spray (i.e. whether pest levels are serious enough to warrant spraying)
s  which chemical to use should spraying be necessary
* whether or not to introduce beneficials.

In addition, by searching for exotic pests and noting their absence, you can assist the industry establish
a record of ‘evidence of absence’ for exotic pests. More information on this is given in this chapter under
‘The Passionfruit Industry Biosecurity Plan and evidence of absence’,

Monitoring requires skill in observing and identifying pests, parasites and predators. A good knowledge of
the life cycles of the pests is also important, as many treatments require correct timing to give good control.
This requires considerable training and experience. For this reason, we recommend you use a professional pest
monitoring service. If you wish to do the monitoring yourself, we suggest that you first have some training
with a pest consultant.

If you use professional pest monitoring services, a consultant will visit the plantation at regular intervals to
monitor pest populations. After each visit, the consultant will provide a report on pest status and required sprays.
The cost of using a pest consultant varies depending on distance travelled, number of blocks/varieties, planting
density, and pest and disease status of the plantation. However, the advice provided by the consultant should
save you money in the long run by avoiding both crop losses and expenditure on unnecessary pest treatments.

Monitoring works by first determining pest action levels—these are the pest populations at which damage

is considered wortth treating. (The action level for a pest is the point at which the damage it causes is roughly
equivalent to the cosl of control.}) Next, pest populations are accurately monitored and control measures are
applied only when pest populations approach or reach these action levels. Continued monitoring allows you
to manage pest populations at or below these action levels, The parasites and predators that naturally attack
the pests are also monitored, because in some cases they alone will be sutficient to keep the pest populations
in check,

Meanitoring of diseases is important for detecting obvious problems and for evaluating how well your disease
management program is working. You should record any sy mptoms of discases observed during pest monitoring.
Requirements for monitoring

Monitoring is a process of systematic observation and recording. The materials needed for monitoring are:

a hand lens (x 10), magnifying glass or small microscope

a notebook, prepared monitoring charts and a pen

plastic bags or small bottles and a marking pen for samples

* asharp pocket knife

a roll of coloured plastic tape.

To do your own monitoring, you will need:
¢ the commitmeni and time 1o monitor at least once every 14 days (7 days for fruit flies)
¢ dood eyesight
¢ agood knowledge of pests and beneficial insects and mites

. COMmon sense.
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If you decide to use an appropriate chemical for pest or disease control, follow these important guidelines:

e Apply the chemical efficiently to maximise the effect of each spray on the larget. This will reduce the
number of sprays required.

o Use and apply the chemical safely so that any impact on operators, farm workers and the community is
minimised.

This chapter provides information on:

The basics 149
Spray application equipment 149
Alr-assisted sprayers 150
Bait sprayers 151
Sprayer calibration 151
Chemical acereditation 152
Records 152
Spray compatibilities 153
Pesticide safety 153
Essential precautions 153
Storage 153
Measuring, mixing and spraying 154
Spills 155
Poisoning 155
Pesticides and the environment 155

Other information sources 156
























Excessive spray run-off. This is caused by excessive spray volume or poor direction of nozzles, which is
usually the result of using an incorrect sprayer type, set-up or calibration.

Inappropriate disposal of excess pesticide {concentrated or diluted) and empty pesticide containers.
Ensure there is no risk of pesticides entering watercourses. Never leave pesticide drums or containers at
water ftll-up points, particularly when these are near watercourses or when there is a risk of flooding.
There are documented methods for safely disposing of pesticides and their containers. These can vary
from state to state and some are legal requirements. Be aware of your local disposal regulations. Do not
use empty pesticide containers for any other purpose.

Inappropriate location of pesticide storage sheds or fill-up and wash-down areas, Consider the
possibility of a spill occurring when locating these areas. For example, avoid locating these areas next
to your water source, as it could become contaminated in the event of a spill. If you must store chemicals
close to a water source, ensure that precautions are in place to contain and handle any spill.

A number of sources of information on the use of agricultural chemicals are available in printed and/or
clectronic format.
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Agricultural chemical users’ manual. This comprehensive text for farmers, growers, trainers, spray
contractors and operators is published by DEEDI. [t provides expert advice on using agricultural
chemicals safely and efficiently. The manual covers the use of insecticides, fungicides and herbicides.
Topics include controlling agricultural pests, pest biology, product formulations and labels, product
safety, transport, storage and disposal, managing agricultural chemical resistance, spray and other
application technologies, spray application equipment, agricultural chemical drift management, and
the law and agricultural chemicals. It is available as a free download at www.dpi.qld.gov.au or can be
purchased as a hard copy from the Queensland Government Bookshop.

Australian Pesticides and Veterinary Medicines Authority (APVMA). This Australian Government
authority is responsible for assessing, registering and regulating pesticides and veterinary medicines
up to and including the point of retail sale. The APVMA website (www.apvma.gov.au) includes:

® the Public Chemical Registration Information System (FUBCRIS), a searchable database that gives
details of all of the agricultural chemical products registered for use in Australia

* a ‘Permits’ database that gives details of chemicals with temporary registrations for uses not shown
on the label (off-label permits).

drumMUSTER. This is the national program for the collection and recycling of empty, cleaned, non-
returnable chemical containers. The program provides a defined route for safe disposal of your used
chemical containers. Visit www.drummuster.com.au or call (02) 6230 6712,

ChemClear®. This is a chemical waste disposal program for the safe management and disposal of
unwanted rural agricultural chemicals. Visit www.chemclear.com.au or call {02) 6230 4799.

Infopest Agvet. This contains details of all agricultural and veterinary (Agvet) chemicals registered

in Australia. It includes chemical usage information, product labels, active ingredients and maximum
residue limits (MRLs). This product is produced and sold by DEEDL To order, call (07) 3239 3967 or visit
www.biosecurity.qld.gov.au

Infopest MSDS. This compilation is sourced directly from chemical companies and suppliers. This
product is produced and sold by DEEDI To order, call (07) 3239 3967 or visit www.biosecurity.gld.gov.au

msds.com.au This Australian online MSDS database contains over 25 000 sheets that can he downloaded.,

Pest Genie. This online system is designed to support the effective and appropriate use of crop-protection
and animal-health products. It contains free, comprehensive, up-to-date information on a broad range of
products, as well as other information relating to their use. Visit www.pestgenie.com.au
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Suitable mulching materials

Not every type of mulch is suitable for passionfruit. The lwo most important properties are coarseness and the
carbon:nitrogen (C:N} ratio:

® (Coarseness. The mulch should be coarse enough to break down slowly and allow free drainage of water.
These properties are generally found in materials that are fibrous, stalky, strawlike or chunky. Materials
that are too fine (such as sawdust, bagasse and lawn clippings) tend to form a barrier that initially
prevents water penetration. However, once wet, they become soggy, dry slowly and keep the underlying
soil excessively wet. Fresh hardwood sawdust may be toxic because of its resin and phenol content, so
it needs to be aged before use. In wetter environments, coarser materials should be used, as these take

longer to break down.

o  Carbon:nitrogen (C:N) ratio. Ideally, the C:N ratio should range from about 100:1 to 20:1 {see Table 16.2).
Materials with a C:N ratio significantly lower than the recommended range (e.g. lucerne hay} tend to
decompose too rapidly and raise nitrogen levels too much. Materials with a C:N ratio that is too high
can cause a nitrogen drawdown effect unless extra nitrogen fertiliser is applied. {The drawdown effect
occurs when the material takes nitrogen from the soil during decomposition, thus starving the vine.)

Table 16.2 Carbon:nitrogen (C:N) rotios in a ranage of dried materials 7
e CEUTH

Cardboard 500:1

Pinus radiata bark 500:1

Eucalyptus sawdust 500:1

Eucalyptus bark 250:1

Bagasse 120:1

Woody prunings 100:1

Composted Pinus radiata bark 100:1

Wheat or oats straw 100:1 I
Sugarcane tops 80:1 to 100:1

Mature leaves 60:1 I
Spent mushroom compost 31:1

Composied pine bark 30:1 to 40:1 |
Corn stalks 33:1

Mill mud {filter press)* 23:1

Grasses 22:1

Mixed weeds 1911

Cow manure 15:1

Lucerne hay 13:1

Peanut shells 12:1

Poultry litter 10:1

Poultry droppings 7:1

Pig manure 5:1

* This figure is lor mill mud anly. Some sugar mills blend [ly ash with mili mud, and this mixture will have a different C:N ratio.
in weiler areas, mill mud may not be suitable [or mulching. However, it is suitable for drier areas and is also beneficial as an organic
fertiliscr for young vines, provided it is used sparingly.

Source: Handreck, KA € Black, ND 1994, Growing media for ornamental plants and turf, Revised edn, University of New South Wales
Press, Sydney.
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A combination of different materials can often be used to achieve the desired C;N ratio and coarseness.

If you are using materials with high C:N ratios (e.g. 100:1 and higher), either composi the material before
applying or apply exira nitrogen to the vines to offset the drawdown effect. This is not as critical if the
material used is very coarse (e.g. loose branches), because the rate of breakdown is very slow.

Locally available mulching materials should always he investigated. Sugarcane tops are popular, but they have
a repulation for lowering soil pH more than other materials do. This is not a problem as long as pH is monitored
and lime or dolomite is applied as required. Mill mud (filter press} from sugar mills is a popular mulch where

it is available and studies have shown excellent results in terms of yicld and fruit size improvement. This is
thought to be due to its nutritional properties and its water-holding capacity. Mill mud releases its nitrogen
slowly (about one-third per year over a three-year period), but its fineness can cause problems if it is applied
too thickly in wetter environments.

Green waste from local council recycling depots can be used, but this must be composted for at least 3 months
prior to use. Heat produced in the composting process kilis any weed seeds, pests and diseases in the waste;
however, if the composting is incomplete, weeds, diseases and pests can be introduced to your property.

Make sure that wood chips are well aged {composted) before use, Do not apply fresh wood chips because resins
and phemnols in some of these can suppress plant growth.

Applying mutch

It is best to apply mulch soon after the wet season so that the mulch can be in an advanced stage of
decomposition before the onset of the next wet season. In frost-prone areas, apply mulch after the risk of
frost is over. Replenish the mulch as necessary. A depth of 10 to 15 centimetres is ideal. The mulch should
completely cover the under-vine area and extend ahout 30 centimetres beyond the drip line on both sides of
the vine. Keep mulch ahout 10 centimetres away from the stem. Don't forget to add extra nitrogen if you are
using materials with a high C:N ratio.

Growing your own mulch

The cost of purchasing, transporting and spreading mulch can deter growers from using it. A low-cost
alternative is to grow your own mulch.

Suggested mulch crops for the seasons indicated are:

s spring/summer planting—forage sorghum such as Jumbo (a sweet sorghum hybrid with a long growth
season and coarse stem) or hybrid millet such as Shiroe (see Figure 16.1) or Nutrifeed

= autumn/winter planting—oats, barley, triticale, rye grass or lupin varieties such as Kalya or Merrit.

Alternatively, you can use the grass clippings from the grass sward in the inter-row area, Many growers have
modified slashers to direct slashings from the inter-row area to under the vines so that the mulch is topped up
at no extra cost each time the plantation is slashed. Planting setaria, panic grass, clover or kikuyu can enrich
the sward. Watering and fertilising the inter-row area can also increase the bulk of material available.

Although grass clippings are not an deal mulch because of their fineness and low C:N ratio, adding smail

amounts at regular intervals does not pose a problem, especially when they are added to the existing mulch
layer.
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The profiiability of passionfruit production depends on a strong commitment o marketing quatity fruit. Only
aftractively presented, blemish-free fruit with good flavour and a long shelf-life will achieve premium prices.
Care with harvesting and post-harvest handling will ensure that your efforts in producing high-quality fruif are
wot wasted. Follow (he guidelines in this chapter to ensurc the fruil reaches the consumer in good condition:

Harvesting 167
Post-harvest handling 168
Sorting and grading 168
Grading for the Fresh market 168
Grading for ihe processing market 169

The passionfruit grading guide 169
Insecticide treatment 170
Waxing 170
Stem removal 170
Packing 170
Carton marking 172

Transport and storage 173













Insecticide treatment

Interstate Certification Assurance (ICA) requirements must be met for some interstate markets. To meel these,
passionfruit must be dipped or flood-treated with an insecticide for fruit fly disinfestation. Alternatively, for
some purple varieties (but not Panamas), an ICA for an unbroken, wrinkle-lree skin condition is available. Check
for any ICA requirements and how to obtain them with your state’s certification authority {see Appendix B).

Waxing

Around 50% of growers apply liquid wax coatings to their fruit. In addition to improving shelf-life (by
preventing wrinkling and reducing weight loss}, waxing enhances the appearance of fruit. However, some
varielies have an excellent appearance without the use of wax, and some negative characteristics can occur
in waxed fruit (such as change of flavour and internal breakdown).

The shelf-life of waxed passionfruit was tested in 2007 by David Peasley (Peasley Horticultural Services).
The results of this trial are summarised in Table 17.1.

Table 17.1 The effects of liguid wax coatings on passionfruit held at ambient ftemperatures

WLy e LI vdllely WILILKIES TNoTe quicKly Than other varieties do. Waxed truit had a shelf-lile of
at least 21 days; for untreated fruil, shelf-life was 14 days.”

Sweetheart A decline in eating quality was noted in some waxed fruit. Waxing is nol generally
necessary, as this varicty has a long shel(-life without waxing.

Pandora 21 days after waxing, unacceptable “of " flavours and aromas developed. Waxing is not
recommended.

McGutfies Red  Waxing exiends shelf-life significanily, to up to 30 days; for untreated fruit, sheli-life is
18 days or less.®

" Waxing is not nccessary for muny markets, even for varieties that have an extended shelf-life after waxing, Waxing is most useful
where fruit takes a long time to reach the consumer, Consult your agent for advice on your targel market belore investing in waxing
equipment and materials.

Stem removal

For sclect markets, some growers remove the stem or stalk from fruit prior to packing to enhancce presentation.
This labour-intensive practice is acceptable but is not recommended for most markets, as a green stem is a
useful indicator of fruil freshness. (It shrivels and hrowns on older [ruit.) Discuss with your agent whether or
not stem removal is necessary for your intended market.

If you do decide to remove stems, clip 1the stems—unever pull them. Pulling the stem out of the {ruit will damage
the integrity of the fruit skin, causing premature breakdown.

Packing

The most commen package used for fresh market passionfruit is the 18 litre carton (see Figure 17.4), which
holds from 5 to 10 kilograms (and an average of 7 kilograms) of fruit, depending on variety, fruit size and
packing method. The 18 liire carton is also known as the T35 carton. The size count (the number of fruit
needed to fill a carton) ranges (rom 40 to 100 for Panamas and from 70 to 160 for purple varieties.

®  Always pack to the top of the carton and ensure that the fruit is the same count size.
® Do not mix varieties, sizes, colours or shapes.

Most cartons are volume-filled, but pattern packing produccs a very attractive pack and generally returns a
higher price. This price advantage needs to be balanced against the extra cost of pattern packing, and these
packs are usually only done for special markets, Typical volume-filled and pattern-packed cartons are shown
in Figure 17.5. Consult your agent to find which option is better for your target market.
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When establishing a new plantation, you can choose to buy seedlings or to propagate your own vines. It may
seemn aftractive to propagate your own vines lo save money. However, propagating passionfruil is a specialised
Job requiring specific skills and some special equipment, Therefore, we recommend that growers leave it to
specialist nurseries that possess these skills and equipment. Some basic nofes on propagation follow to help vou
understand the process:

Overview ' 177
Requirements and time frame 177
Raising rootstocks {(or seedlings) 177
Exiracting seeds 178
Sowing seeds 178
Transplanting seedlings 178
Selecting scion wood 178
Grafting 179

Maintaining a Panama selection 180



All purple varieties are propagated by grafting selected varieties (scions) onto specially selected rootstocks that

are resistant to fusariuin wilt. Selected passionfruit rootstock strains of P. edulis f. flavicarpa are recommended.

Plants grown on these rootstocks are available through APIA-accredited nurseries {see Appendix B).*

Most of the purple varieties currently grown commercially are products of APIA’s breeding program and are
subject to royalty payments. Propagation of these varicties can only be carried out with permission from APIA
(see Appendix B).

The Panama selections Pandora and McGuffies Red should be grown from seed; this will ensure that the plants
are at least initially free from virus infection, as passtonfruit viruses are not transmitted in seeds. Seeds and
seedlings of these Panama selections should be produced in a way that prevents any cross-pollination (see
‘Mainiaining a Panama selection’ later in this chapter).

Requirements and time frame

The materials required to propagate passionfruit are:

¢ rootstock seed (of a strain that is resistant to fusarium wilt)

s scion wood (from vines that are free from virus symptoms and are true to type)
*  tools (secateurs, grafting knife, 6 millimetre clear grafting tape)

® 3 hothouse with a fan heater (and preferably heated beds).

The hothouse must be able to keep the temperature above 20 °C. This is essential, as the seeds are planted
in April or May for gralting in August or September. The timetable for production of grafted vines using a
hothouse is shown in Table 18.1.

Table 18.1 Timetable for production of grafted vines

1tauL accu April-May
Transplant seedlings 2-6 weeks later April-June
Graft Up to 12 weeks later August-September
Plant out Up to 8 weeks later October

For rootstocks, use seeds from strains of P. edulis f. flavicarpa that are resistant to fusarium wilt. Seeds that
have been tested for resistance to fusarium wilt are available from DEEDI's Maroochy Research Station; for
more information, call (07) 5453 5800, Alternatively, you can use seeds from Panama selections that have been
tested and shown to have a high resistance, but make sure the flowers have been self-pollinated and that no
outcrossing has occurred (see ‘Maintaining a Panama selection’ later in this chapter).

Seeds are generally sold by the gram with 1 gram containing about 60 seeds. After allowing for some non-
germinating secds, 7 grams of seeds should yield about 350 rootstock plants.

* In 2011, APIA changed its name to Passionltuit Australia Incorporated. See Appendix B for contact details.
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An environmental management system (EMS) is a systematic approach to managing the impacts a business
has on the environment. An EMS does not dictate levels of environmental performance; however, a minimum
requirement is that it enables a business to comply with legislative requirements concerning the environment.
It should also build on existing activities such as industry hest-management practices, industry codes of
practice, quality-assurance and food-safety schemes, and workplace, health and safety considerations.

An EMS is not a product you buy off the shelf but a process that helps you to improve your business's
environmental performance. This process has a number of steps:

1. Perform an environmental risk analysis to identify, assess and prioritise potential environmental
impacts.

2. Set environmental objectives and targets.
3. Develop an environmental management program to meet these objectives and targets.

4. Monitor, measure and record environmental performance to check that ohjectives and targets are
being met.

5. Review the system at regutar intervals and improve the system as needed.

The EMS process is based on the ‘plan, do, check, review’ management cycle (see Figure 19.1). It aims to
continuously improve the environmental performance of a business.

Plan
Review Do
Check
Figu t The ‘plan, do, check, review’ cycle for continuous improvement

150 14001 is the most widely recognised auditahle international EMS standard. Tt is a ‘process standard';

that is, it does not prescribe a particular level of environmental performance that a business must achieve
other than the need to comply with all relevant legislation and industry codes of practice. As a process
standard, however, it does have guite stringent requirements as to the steps {processes) a business must take to
implement it. The system must also be auditable by an accredited third party.

In addition to the steps listed for implementing a general EMS, 150 14001 requires a business to have:

1. an implemented, documented environmental management policy that is communicated to staff and
available to the public

2. an implemented, documented EMS that includes staff training, communication, resourcing and
responsibility aspects

3. procedures in place:
a. to meet legal and industry requirements
b. to respond to accidents and emergencies
¢. to mitigate identified environmental impacts.

For more information about ISO 14001, visit the Standards Australia website at www.standards.com.au or
contact your state office of Standards Australia.

Chapter 19 Environmental management 183
















Do not be complacent about food safety. Fruit and vegetables have been implicated in several food-poisoning
cases; however, if handled correctly, a crop such as passionfruit is unlikely to have such problems. Consumers
want fruit that is consistently attractive, nutritious, tasty and safe to eat. The major supermarket chains in
Australia have responded by demanding that all their suppliers have some level of quality management fo assure
the quality and safety of their products.

An understanding of the principles of quality management will help you decide what type of quality systein you
need to implement to meef your customers’ requirements. These are the basics:

Understanding quality management 189
Why growers need to implement a system 189
Choosing a quality system 190
Approved supplier programs 190
Freshcare 190
HACCP 191

S5QF 1000"™™ and SQF 2000 191

WOA 191

GLOBALGAP 191



‘Quality” describes a product’s fitness for purpose. ‘Good’ or *high’ quality implies a predictable degree

of uniformity and dependability. Some view ‘quality management’ as the planning and control of all the
activities that influence product quality. This means that good managers are constantly engaged in quality
management.,

In the pasi, the suitability of the product for its intended market was determined by ‘end-point inspection'—
inspection at the market level. This systemn has several serious flaws:

*  Rejecting a product late in its marketing cycle is expensive.

® Predicting product performance early in the marketing process is difficult because product history is
urnknown.

*  The system is often driven more by tradition than by rcal market needs.

The objective of modern quality management is to build quality right through the production and marketing
process. This has the following positive outcomes:

¢ It minimises rejections late in the marketing chain.

e [t increases sales (by ensuring customers are satisfied) and encourages repeat sales.

¢ It improves productivity (by identifying problem areas, avoiding mistakes and reducing waste).

¢ [t helps growers access markets with quarantine and other barriers to normal entry.

s [t promotes greater trust and cooperation throughout the marketing chain.

¢ [t provides consumers with documented evidence that the product they are buying will meet their needs.

There are five core principles of quality management:

1. Quality is defined by the customer, not the grower.

2. Decisions are based on facts, not feelings.

3. Problems are identified at the earliest possible point, not at the end point.

4. Quality management has to be planned, ordanised and managed—it does not happen by itself.

5. All those involved in the business, both the workers and the managers, are responsible for quality
management.

To implement an effective quality management system, you need commitment, good planning, staff
involvement and well-organised documents (including records and product specifications).

National Food Safety Standards became enforceable from February 2001. Growers and packers are exempt
from meeting the Food Salety Standards except where they conduct some form of processing or sell directly to
the public. Further information is available at www.foodstandards.gov.au

However, growers are indirectly implicated because a food husiness (such as a retailer, wholesaler or processor)
is required to take all practical measures to ensure that it only accepts food that is not contaminated.
Contamination is defined as ‘a biological subsiance, chemical agent, foreign matter or other subsiance that may
compromise food safety or suitahility’. The safety of food, unlike its quality, cannoi be determined by simply
looking at the produce.

Food Safety Standards have driven retailers, wholesalers and processors to require farmers to implement
some form of food safety system. Retailers such as Woolworths/Safeway, Coles, Metcash/1GA and Aldi require
packers and wholesalers who supply directly to their distribution centres to be certified 1o an accepiable system

Chapter 20 Quality management and food safety 189

I




such as Woolworths Quality Assurance Standard (WQA), SQF 2000, SQF 1000, Freshcare and Codex Hazard
Analysis and Critical Control Point {HACCP).

Direct supplicrs to supermarkets, such as packers and wholesalers, must establish approved supplier programs
for their suppliers (who are indirect suppliers to supermarkets). Most growers are indirect suppliers and so
must implement some form of quality assurance to hecome approved suppliers.

Some customers require suppliers to implement systems that cover quality requirements as well as food safety.
These quality assurance (QA) systems also provide benefits such as reducing waste, downtime, repacking

and lost sales. Avoiding one significant problem often more than justifies the cost of implementing and
maintaining the system.

QA systems are required for supply to overseas markets. In some markets, such as the United Kingdom, the
requirements are more demanding than those in Australia, and there are extra requircments for environmental
management and worker welfare.

The type of QA or [ood safety system that you need to implement depends on your customers’ requirements.
Your customers may be packers, marketing groups, wholesalers, retailers, processors or expaorters.

For example, Woolworths requires that direct suppliers (such as packers and whoiesalers) implement the
WQA standard. To meet this standard, dircct suppliers have to implement an approved program for their own
suppliers (who are indirect suppliers 1o Woolworths). Coles requires that all direct and indirect suppliers have
an externally audited food safety program based on the HACCP method,

The system you choose must also be achievahle and affordable. Remember that you need lo implement il and
maintain il. The options are summarised in the following sections.

Approved supplier programs

Approved supplier programs are developed by businesses such as wholesalers, processors, packers and
exporters. These programs set oul specific food safety and quality requirements for their suppliers.

To meet the requirements of these programs, growers must use agricultural practices thal provide assurance
that their products are safe to eat. Growers must keep sufficient records to demonstrate that these practices are
a part of everyday operations. For example, a completed spraying record is often required. The customer or an
independent party periodically checks that the grower is carrying out the agreed practices.

The Department of Agriculture, Fisheries and Forestry (DAFF) collaborated with Horticulture Australia Limited
to develop Guidelines for on-farm food safety for fresit produce. These guidelines help growers assess the risk
of food safety hazards and provide information on the agricultural practices required to prevent, reduce or
eliminate the hazards. A copy of the guidelines can be ohtained from the DAFF website (www.daff.gov.au).

The guidelines include a checklist of goed agricultural practices. The practices have been identified from
industry food safety programs based on the HACCP method. Some customers use this checklist to develop their
approved supplier programs for growers.

Other customers require their approved suppliers to implement an independently certified program such as
Freshcare, SQF 1000, SQF 2000 or HACCP. Some food service customers such as Spotless Catering, McDonalds
and airline caterers have developed their own approved supplier programs. Some retailers in Europe require
that grower suppliers implement the GLOBALGAP protocol.

Freshcare

Freshcare is a national, on-farm food safety program for the fresh produce industry. The program is owned and
managed by Freshcare Ltd, a non-profit company representing peak industry organisations. Freshcare js based

on HACCP principles and provides independent verification that a recognised food safety program is followed
by the certified business.
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As a market commodity, passionfruit has several advantages. It is a unique fruit with an ‘exotic’ appeal.
It is versatile and fits well with modern eating trends. It is also reasonably well known and is popular
wilh consumers,

However, growers cannot cash in on these advantages unless the product is properly marketed, There are three
important issucs regarding the marketing of passionfruit:

1. Oversupply. As the volume of production increascs, making the market tighter and more competitive, '
the problem of oversupply in the domestic market will arise. To maintain a profitable margin, growers
will nced to be more active in searching out new market opportunities and strongly promoting their
product to consumers. APIA is actively involved in market develepment using funds raised by the
industry's marketing levy.”

2. Method of sale. The changing face of wholesale [ruit marketing has scen supermarkets begin 1o
dominate managemeni and distribution. This will move the focus away from the central wholesalc
markets to more direct buying or brokering arrangements with growers and marketing groups.
This will require significant structural change for growers in the marketing of their produce.

3. Consumer preferences. A growing focus on food safety and quality is developing to better service
modern consumer needs. Consumers are becoming more demanding and are better at communicating
their needs to marketers. Growers necd to be in touch with these needs. The adage ‘grow for the market,
do not market what you grow’ is good advice. Growers must gear their production and marketing system
to deliver a product that meets those market needs. Quality management is the only way of consistently
ensuring your product meets these market needs, See Chapter 20 for more information on this subject.

The first step in marketing is to understand what it is all about. Marketing is not selling. Marketing is not
waving your product goodbyc at the farm gate in the belief that someone else will act in your best interests.

Marketing is putting yourself in the consumer's shoes and profitably meeting their needs within the limits of
your resources.

Suceessful marketing involves knowing who and where your consumers are, and what they wani. It also
involves knowing the level of return at which you are making a profit. Sadly, Australian horticulture provides
many examples ol growers who have no idea of how or even if their product is meeting consumers’ needs,

In addition, the hinancial performances of many horticultural businesses indicate that there is a lack of
understanding ahoul how cost ol production is linked to marketing success. Many growers blame this state of
affairs on the ‘marketing systenr’, but this suggests that growers are somehow outside the marketing system.
Nothing could be further from the truth. .

Here arc some ideas to help you get onto the ‘inside’ of marketing.

hink lilke a consumer

What do consumers of passionfruit look for? Is it price, quality, size, colour, shelf~life or a combination of these
factors? What price are consumers prepared to pay? Al what point are market returns the hest?

If growers do not have at least some idea of the answers to these questions, how can they set targets for
production? How can growers make management decisions il they do nol know what consumers want and how
much they are prepared to pay? |

There are two important sources of knowledge and information about what the market wants:

l. Market research studies. These are generally conducted by industry and research organisations and are
published in special reports. Grower organisations and Horticulture Australia Limited (HAL) are sources
of this information.

* In 2011, APLA changed its name to Passionfruil Australia Incorporated. See Appendix B for contact details.
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2. Marketers who are in close contact with buyers and consumers. For the domestic market, specialist
passionfruit wholesalers in the major metropolitan markets are an invaluable source of detailed market
knowledge, Market authorities in each of the major markets can provide some advice on passionfruit
wholesalers (see Appendix B).

Know the marketing chain for your fruit

To know the marketing chain for your fruit, you must identify all the steps and all the people that link your
fruit at the farm gate to particular groups of consumers., One chain might include a transport company, an
unloading company, a wholesale merchant, a supermarket buycr, a grocery scction manager and consummers
from a particular region of a city. It is important to know how the chain works because you choose some of its
players, and each of the players in the chain makes decisions that collectively influence your product’s market
performance.

Visit the markets where your fruit is sold

There is no substitute for seeing how your fruit is performing in the market, both at the wholesale and retail
level. However, just looking at the fruit is not enough. You should be monitoring the fruit’s physical and
financial performance.

Assess the performance of the people marketing your fruit. Remember that they are working for you, but they
may happily ignore this if you are not interested in them.

Look for specialist passionfruit wholesalers and marketers who present a positive, enthusiastic impression,
particularly when things are tough. Wholesalers who specialise in particular products normally develop more
expertise in those products and so should market your fruit better than generalists would. Keep in regular
contact with your wholesaler or marketer. Get regular feedback on consignments.

Join a marketing collective (where available)

Small growers on their own have little clout in the marketplace and miss out on sharing information with other
growers. You might consider marketing on your own so that you can closely guard information that you don’t
want others to have. However, the greatest risk in this is that while you're busily guarding your information,
the rest of the industry will pass you by because no one will want to share their information with you. By
joining a group of like-minded growers, you will take a very positive marketing step towards overcoming the
dual problem of lack of marketing clout and lack of information.

Deliver the product that the market wants

Once you have gained a better understanding of markeiing and established what the market wants, you need
to gear your production and marketing system to deliver a product with those specifications. The only way
of ensuring this is to have a quality management system at the farm level. The easiest way of doing this is to
hecome part of one of the marketing groups or cooperatives that have quality management systems in place.
If you are not part of a group quality system, you can implement your own quality management system. See
Chapter 20 for more information on this subject.

There are many options for marketing your fruit. The main ones are described in the following sections.

Whichever market outlet you choose, keep in close contact with your marketer and ask for feedback on the
quality of your fruit in the marketplace. Regularly visit the major markets where your fruit is sold. Be prepared
to become invoived in the promotional activities of your local passionfruit grower group.

Don’t expect your marketer to do all the work for you. They are often busy dealing with a whole range of crops
and growers.
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Capital city produce markets

Most passionfruit is sold fresh in major capital city produce markets. Fruit is consigned to either wholesale
agents (who sell your fruit on commission and keep a percentage of the proceeds} or wholesale merchants (who
buy your fruil at an agreed price). Most fruit is consigned to the Brisbane, Sydney and Melbourne markets,
but smaller quantities go o other state capitals. Wholesale agents and merchants are your source of market
intelligence. For this reason, your choice of a wholesale agent or merchant is extremely important. It is best to
deal only with a specialist passionfruit wholesaler. Seek advice on selecting wholesalers from other growers in
your area.

Market authorities in each wholesale market can provide market times and rules, along with a list of agents
and merchants operating in their market {see Appendix B).

Marketing groups or cooperatives

If you join a marketing group or cooperative, fruit can be jointly packed and marketing decisions can be made
on a group basis. This is highly recommended, as the combined resources and volume of product allow a
greater range of marketing opportunities. It gives individual growers much more marketing power. Marketing
groups are recommended where they are available.

Direct sale to supermarkets, chain stores or fruit barns

These outlets need a regular supply of uniform-quality fruit. This is only an option for very large farms or
marketing cooperalives.

Local supply

If you live near more populated areas, you may wish to organise direct supply to local district retailers. This
can be time-consuming work, and the costs of organising sales and distributing fruit need to be carefully
considered. There is also the possibility, although limited, of direct supply to resorts and restaurants. If you
have a high traflic flow, you can sell truit on the farm or at a roadside stall. Small growers in tourist areas
with good road access may even consider a ‘pick your own' operation. If you choose to do this, check local
authority requirements for signs and parking and take out public liability insurance.

Export

Export has complex and specialised requirements and is normally only available to large growers, marketing
groups or cooperatives. It requires strict attention to quality standards and quarantine requirements. Growers
considering entering the export market should be prepared to:

* follow strict quality standards

¢ work collectively with other growers

» take responsibility for the performance of their product in export markets

e accept that returns may be no better than domestic market returns at the same point in time
e travel overseas if necessary, sometimes at their own cost

s trial new and uncertain technologies (without gnarantee of success)

* seek the advice of exporters or export market consultants before proceeding

e develop positive relationships built on reliability—these are the key to successful exporting.

Currently there are only opportunistic exports of passionfruit; these are made by market agents selling fruit
bought from the domestic market.
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Approach the growing of passionfruit as a business. Plan your inance and marketing as carefully as you
plan your production. Remember that no matter what quality of fruit you produce, your business will only
be successful il your fruit can be sold at a price that will return a profit.

Crop management

Your business plan has to be based on your ability to grow the crop. This is the foundation of the business
and regardless of how good your business skills are, you still need to be satisfied that you are able to meet the
following basic production requirements:

Make sure you have a good planting site for your plantation. Passionfruit vines are extremely sensitive
to environmental stress. The plantation must be sheltered, since wind exposure causes stress that
significantly diminishes the vigour of plants, lowers yields and reduces fruit quality. Also, the site must
be warm and frost-free and must have an adequate supply of good-quality water, Windbreaks may be
needed to provide the required shelter.

Pay particular attention to getting the best planting material. Ensure that vines are propagated using
scion material from healthy vines and rootstocks that are resistant to fusarium wilt.

Grow varieties that the market wants and that suit your location and plantation. To determine which
ones best suit your plantation, initially try all the major varieties for at least 2 years and carefully record
their overall performance. Lower yielding varieties may be more profitable once quality and market
prices are considered. As new varieties become available, try them in small numbers—do not rely on
performance information from other plantations and regions.

Carefully manage fertilisers and water to maintain maximum vegetative growth and vigour at all times.
{Productivity in passionfruit is related to the rate of vegetative growth.} Monitor leaf and soil nutrient
levels {by leaf and soil analyses) and monitor soil moisture by using an appropriate system such as
tensiometers.

Protect leaves and fruit from pests and diseases ail year round. This usually requires a rigorous spraying
program for diseases and a program of monitoring and timely action for insect pests. Be prepared to
spray regularly with appropriate chemicals and use efficient, calibrated spraying equipment.

Develop an efficient harvesting system based on quality management. Let the market and its quality
requirements determine harvesting frequency, sorting standards etc.

Business issues

Be aware of business issues and take appropriate action:

Before you start a passionfruit plantation, complete a thorough business plan. This will show you where
the main risks lie and where you will have to focus special efforts to keep your business viable.

Develop a forward plan for progressive replanting of the plantation. Passionfruit plants are very
susceptible to pest and disease problems and generally purple varieties have a productive life of only

2 to 3 years, Panama selections grown in coastal tropical areas grow very rapidly; their foliage quickly
becomes so dense that disease and pest control fails, and as a result they are usually replanted annually.
It makes no commercial sense to continue to put resources into plants that are unproductive.

Operate your enterprise as a business, not as a hobby. Carefully monitor and record your costs, prices
received and actual market receipts. Also, carefully manage your labour resources so that you are using
them as efficiently as possible.
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Seek professional advice, and pay for it where necessary. In our increasingly specialised world, expert
advice is an essential part of business. It is available in a wide range of areas, including plantation
layout, pest moniftoring, spray application, irrigation monitoring and qualily managemerit.

Become involved in the activities of your grower organisation. This will help you to learn about new
developments and to network with other growers. It will provide the opportunity for you to become
involved in securing the future of your industry.

Marketing issues

Know your market and plan to meet it:

Be driven by the market, not by tradition or by what other people have iold you. Investigate cxisting and
potential markets and set yourself up to meet their requirements. Develop a inarketing plan to ensure
you arc considering appropriate market issues.

Aim for quality as well as quantity. Once you have established market quality requirements, look at all
parts of your production and marketing system to determine how that quality can be delivered. Deveiop
qualily standards and meel them by implementing a quality management system—this is the only
guaranteed way of achieving guality.

Al for maximum production of fruit suitable {or the fresh fruit market. Profit is best achieved by
supplying the fresh fruit market. If you focus on maximum production of fresh fruit, your other fruit
will better suit the needs of the processing market.

Do unot regard a processing outlet as just a bonus; it is a primary marketing opportunity. The sale of
sccond-grade fruit Lo processors gives value to a product that is otherwise valueless. To develop an
cffective and long-term relationship with processors, approach them in a businesslike manner.

Business and marketing plans

To be successtul, a business needs to have some 1ype of plan. A plan helps you {o focus on the core business
and what the business hopes to achieve. A business plan is generally drawn up for a period of up to 5 years.
It is a living document and must be reviewed and modified annually to ensure its objectives are met.

A typical business plan includes the following sections:

1.

5.

b,

mission

goals and objectives

situation analysis (SWOT-strenglhs, weaknesses, opportunities and threats)
action plan/implemeniation

budget

control plan.

Marketing and financial ptans may also need to be developed. A typical marketing plan includes the following

sections:
1.  executive summary
2, current marketing situation
3. domestic markets
4. export markets
5. competitive situation
6. opportunity and issue analysis
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7. SWOT analysis

8. issue generation and prioritisation
9. ohjectives

10, financial analysis

11. marketing strategy

12. pricing

13. product description and lines

14. positioning and segments

15. distribution strategy

16. sales

17. advertising and promotion strategy
18. research and development

19. action program and control

20. budget.

Plantation records

Accurate and well-organised records arc csscntial for good business management. For a passionfruit
plantation, the information that should be recorded includes:

* pre-harvest factors (pest and disease monitoring, spraying program, labour inputs, pollination details,
leaf and soil analyses, soil-moisture monitoring, fertilisers, irrigation schedules)

s post-harvest factors (labour, picking, pack outs, handling and storage logs)
s quality management records and financial details.

This information is used to compare performance from year to year and 1o establish best practice. It can be
recorded on a compuier, where information can be quickly accessed and compared, or on forms.

Much of this information is used to develop business and marketing plans and to check that plan objectives
have been met. Accurate records are also needed to satisfy the requirements of:

s approved supplier programs, such as those of supermarket chains
s [CA protocols required to transport fruit interstate
¢ workplace health and safety audits

e eunvironmental audits that may be required (e.g. under Farmcare, Landcare or catchment and
environmental management schemes).

The options {or developing a recording system are:
¢ Use commercially available proprietary software.
* Usc recording systems detailed in quality management manuals.

*  Develop your own recording system {with the help of consultants if necessary).
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e Purple varicties are grown. An average price of $21 per carton ($3 per kilogram) is obtained for the
fresh fruit and $1 per kilogram for processing fruit. {Note that prices vary significantly—within a
year the price can reach over $100 per carton for very high-quality fruit during periods of low supply
but can fall to less than $10 per carton for low-quality fruit during periods of high supply. Prices for
Panama selections may be 20 to 40% less than prices for purple varieties. Also, lack of access to a fruit
processing market can have a significant financial impact—see Table 22.5 {page 209}. Detailed current
and historical capital city central market prices and throughput volumes are available from Ausmarket
Consultants at www.ausmarket.com.au

*  Freight costs are $2.10 per carton (enough for a distance of approximately 400 kilometres, say from
Bundaberg to Brishanc), In practice, costs vary significantly depending on the distance from the site of
production to the market.

® Labour is an opportunity cost. Even if the owner does the work instead of paying someone to do it, there is
a cost involved because the owner could otherwise be in paid employment. The labour cost for each job is
shown scparately and is charged at $21.20 per hour (the casual rate plus superannuation and insurance).

» The plantation is well managed.

Establishment costs

The establishment costs include all the expenditure needed to plant the vines and bring them into production.
The costs given in Table 22.1 (page 206) are a general guide for a hectare planted using single-wire trellises;
actual establishment costs will vary depending on location, vine spacing, trellis design and materials used.
Establishment costs for pergolas and A-frame trellis systems would be significantly higher than those given in
this example.
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LW Crop Services

Leonie Wittenberg

PO Box 90

MAREEBA QLD 4880

FPhone: (07} 4092 6260

Mobile: 0432 794 440

Email: leoniewittenberg@westnet.com.au

Jeff Watson

PO Box 384
MAREEBA QLD 4880
Phone: (07) 4092 4059
Fax: {07) 4092 4059
Mobile: 0429 924 059

Peasley Horticultural Services
David Peasley

PO Box 542
MURWILLUMBAH NSW 2484
Phone: (02} 6677 7174

Fax: (02) 6677 7174

Mobile: 0427 126 245

Ross Fitzell Plant Health Services
PO Box 619

ALSTONVILLE NSW 2477

Phone: (02} 6629 5116

Fax: (02) 6629 5116

Mobile: 0410 615 209

Email: fitzellZbigpond.com

Your local agricultural supply store will also be able
to assist with soil, water and plant-tissue analysis
services,

SGS Australia Food and Agriculture Pty Litd
214 McDougall Street

TOOWOOMBA QLD 4350

Phone: {07) 4633 0599

Fax: (07) 4633 0711

Email: au.food.agriculture.twb @ sgs.com
Webhsite: www.sgs.com.au

Hortus Technical Services Pty Ltd
Locked Bag 3901

BUNDABERG QLD 4670

Phone: (07} 4132 5000

Fax: (07) 4155 6656

Wehsite: www.hortus.net.au

Incitec Pivot Fertilisers Ltd

Free call: 1800 009 832

Fax: 1800 801 094

Website: www.incitecpivotfertilisers.com.au

Biomites

PO Box 3725

CALOUNDRA QLD 4551

Phone: (07) 5434 6077

Fax: (07) 5439 6088

Mobile: 0403 331 957

Email: pjones @biomites.com.au
Website: www.biomites.com.au

Bugs for Bugs

Bowen Street

MUNDUBBERA QLD 4626

Phone: (07) 4165 4663

Fax: (07) 4165 4626

Email: info@bugsforbugs.com.au
Website: www.bugsforbugs.com.au

Clifton Park Turf Supplies
CHAMBERS FLAT QLD 4133
Phone: {07) 5546 8899 or 1800 468 869

Greentield Turf
KALLANGUR QLD 4503
Mobile: 0411 664 599

Merv Dudgeon
WOOLONGBAR NSW 2477
Phone: (02) 6628 7129
Mobile: 0415 897 321

Ausmarket Consultants

PO Box 229

BRISBANE MARKET QLD 4106
Phone: (07) 3379 4576

Fax: (07) 3379 4103

Mobile: 0417 712 427

Email: admin@ausmarket.com.au
Website: www.ausmarket.com.au

Market Information Services

PO Box 229

BRISEANE MARKET QLD 4106
Phone: (07) 3379 4576

Fax: {(07) 3379 4103

Mobile: 041 871 3688

Email: adminmis@marketinfo.com.au
Wehsite: www.marketinfo.com.au
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DataFresh Pty Ltd (FreshState)
Box 113 Melbourne Markets
542 Footscray Road
FOOTSCRAY VIC 3011

Phone: (03) 9689 3233

Fax: (03) 9689 9223

Emalil: info@datafresh.com.au
Website: www.datafresh.com.au

Adelaide Produce Markets Ltd

Burma Road

POORAKA SA 5095

Phone: (08) 8349 4493

Fax: (08) 8349 6574

Mobile: 0419 814 948

Email: wendy@ adelaidemarkets.com.au
Website: www.adelaidemarkets.com.au

Sydney Produce Surveyors Pty Ltd and Sydney
Markel Reporting Service

FO Box 350

FRENCHS TFOREST NSW 2086

Plionie: (02) 9746 3437

Fax: (02} 9746 1075

Mobile: 0416 108 639

Email: accounts@sydprod.com.au

Website: www.sydprod.com.au

Perth Market Authority

MP 1, Market City

280 Bannister Road

CANNING VALE WA 6155

FPhaone: (08) 9456 9200

Fax: (0B) 9456 9222

Email: pma@perthmarket.com.au
Website: www.perthimarket.com.au

Adelaide Produce Markets Ltd

Burma Road

POORAKA SA 5095

FPhone: {08) 8349 4493

IF'ax: (08) 8349 6574

Email: enquiry @adelaidemarkets.com.au
Website: www.adelaidemarkets.com.au

Brisbane Markets Ltd

Upper Level, Brishane Markets Commercial Centre
Sherwood Road

ROCKLEA QLD 4106

Phone: (07) 3379 1062

Fax: (07) 3379 4903

Marketline [reecall: 1800 631 002

Wehsite: www.brisbanemarkets.com.au
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Perth Market Authority

Mail Point 1, Market City

280 Bannister Road

CANNING VALE WA 6155

Phone: (08) 9455 2900

Fax: (08) 9455 2902

Email: pma@perthmarket.com.au
Website: www.perthmarket.com.au

Sydney Markets Lid

PO Box 2

SYDNEY MARKETS NSW 2129

Phone: (02) 9325 6200

Fax: (02) 9325 6288

Email: sydma@ sydneymarkets.com.au
Website: www.sydneymarkets.com.au

Victorian Chamber of Fresh Produce Wholesalers
Inc. {trading as Freshstate}

Melbourne Markets Box 113

542 Foolscray Road

WEST MELBOUENE VIC 3003

Phone: (03) 9689 3233

Fax: [03) 9689 9223

Email: vicchamber@ freshstate.com.an

Websile: www.freshstate.com.au

The Australian Chamber of Fruit and Vegetable
Industries
Website: www.Ireshmarkets.com.au

Freshcare Ltd

(Providers of a national on-farm lood salety
program [or fresh produce)

PO Box 247

SYDNEY MARKETS NSW 2129

Phone: (02) 9764 3244

Fax: {07) 9764 2776

Email: [reshcare@freshmarkets.con.au
Website: www.freshcare.com.an

Rudge Produce Systems Pty Ltd

{Quality management consulling services)
PO Box 177 Melbourne Markets

542 Footscray Road

WEST MELBOURNE VIC 3003

Phone: (03) 9689 1234

Fax: (03) 9689 1232

Email: office@rudge.com.au

Website: www.rudge.comnt.au
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Australian Pesticides and Veterinary Medicines
Authority

PO Box 6182

KINGSTON ACT 2604

Phone: (02) 6210 4701

Fax: (02) 6272 4753

Email: contact@apvma.gov.au

Website: www.apvma.gov.au

Infopest—pest management
Infopest

Biosecurity Queensland
Department of Employment, Economic Development
and Innovation

GFO Box 46

BRISBANE QLD 4001

Phone: (07) 3239 3967

Fax: (07) 3211 3293

Email: infopest@deedi.qld.gov.au
Website: www.deedi.gld.gov.au

New South Wales

ChemCert (NSW) Litd

PO Box 2600

BONDI JUNCTION NSW 1355
Phone: (02) 9380 7271

Fax: (02) 9380 7471

Email: info@chemcert.com.au
Website: www.chemcert.org.au

Northern Territory

Mohile: 0418 892 260

Fax: 08 8941 4088

Email: nt@chemcert.org.au

Queensland

Chem(Cert Training Quecnsland
Training Manager

Farmsafe Queensland Lid

PO Box 1474

UQ GATTON CAMPUS QLD 43413
Phone: (07) 5466 5850

Fax: (07) 5466 5860

Mobile: 0427 732 886

Email: chemcertgld @farmsafe.com.au
Website: www.farmsafe.com.au

Western Australia

ChemCert WA Incorporated

Phone: (08) 9341 5325

Email: farmcarewa@bigpond.com.au
Website: www.chemcertwa.com.au

National

SMARTtrain National Support Centre

New South Wales Department of Primary Industries
PMB YANCO NSW 2703

Phone: 1800 138 351

Fax: (02) 6951 2565

Website: www.smarttrain-publications.com

Passionfruit technical enquiries (commercial
growers only):

Queensland Department of Employment, Economic
Development and Innovation

Peter Rigden, Extension Officer

Maroochy Research Station

PO Box 5083 SCMC

NAMBOUR QLD 4560

Phone: {07) 5453 5800

Fax: (07) 5453 5901

Email: peter.rigden@deedi.qid.gov.au
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fruitspotting bugs 16, 32, 129, 217
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fungicides 14, 51, 61, 86, 133, 134, 136,
137, 149, 150, 156, 207, 212, 213-17

[gsariwm will 10, 35, 36, 37, 41, 42, 59,
133, 137, 177, 201

germination 8, 14, 178

GLOBALGAFP 182, 184, 188, 190, 191
golden passionfruit 5, 6, 7, 16
grading 166, 168, 169

gralting 41, 71, 135, 137, 177, 178-80
green coffee scale 123, 128

green manure crop 58, 62, 81

green vegetable hugs 123, 217
growing regions 13, 38, 144

gypsum 6L, 83, 84, 91, 96, 112

1HACCP 188, 190, 191, 198
hares 110, 123, 129

harvesting 14, 15, 16, 18, 19, 20, 22, 24,
52, 166, 167, 168, 201, 204, 207

heat siress 65, 162
hemispherical scale 123, 128, 218

herbicides 65, 118, 149, 156, 159, 160,
161, 162, 212
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humidity 6, 8,9, 14, 66, 107, 148, 168,
180, 210
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infltration 77, 91, 108, 109, 110, 115
inline drip systems 110
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149, 150, 156, 170, 204, 212, 217-19,
220
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labour 16, 53, 102, 170, 198, 200, 201,
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Laccy 15
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land clearing 14, 16, 59

land degradation 18, 24, 182, 185, (86
landslip 182, 185

layout ol plantation 14, 17, 18, 19, 21, 24,
186, 202

leaching 16, 80, 92, 93, 94, 98, 100, 101,
102, 103, 107

leaf analysis 80, 85, 90, 91, 92, 93, 94, 95,
97, 98, 104

ieaf sampling 94, 97

leafroller moths 218

lesser coffee bean weevils 123, 127
levies 198

lime 61, 78, 79, 83, 86, 96, 99, 102, 137,
153, 164, 206

local supply 197

loopers 218

magnesium 78, 79, 8G, 82, 83, 84, 91, 93,
94, 95, 96, 97, 98, 104

major defecls 168

managed spraying 122, 124, 141

management

environmental 94, 182, 183-6, 190,
191, 203

lfarm 186

quality 188, 18%9,-91 194, 196, 198,
201, 202, 203

manganese 83, B7, 97,99
manure 58, 62, 81, 96, 101, 163, 206
marking rows 14, 20, 59
market information 223

marketing 166, 189, 190, 193-8, 200, 201,
202, 203, 204, 208

marketing group 194, 196, 197

markets 10, 12, 15, 38, 170, 171, 173, 189,
150, 194, 195, 196, 197, 198, 202, 210

Maroochy Research Station 36, 169, 177,
222,225

McGuffies Red 6, 34, 35, 37, 41, 43, 44,
53, 135, 170, 177, 180

mealy bugs 123, 124, 127, 128, 150, 218
nrice 123, 129

microjets 110, 111, 114, 117, 118

mill mud &2, 101, 163

minisprinklers 67, 110, 111, 114

minor defects 168

Misty Gem 34, 35, 37, 39, 43, 170



mixing chemicals 153

monitoring 62, 90, 92, 93, 94, 105, 106,
112, 113, 116, 119, 124, 133, 139, 140,
141, 142, 143, 144, 196, 201, 202, 203

chart 142, 143, 144
sites 113

meunds 13, 22, 24, 58, 60, 61, 109, 119,
162, 2006

mulching 10, 30, 32, 62, 64, 66, 75, 86,
108, 109, 118, 157, 158, 159, 161-4, 185,
186

application 164
materiais [or 158, 162, 163, 164

growing mulch 164

native vegetation 16

natural watercourses 20

Nellic Kelly 37, 38

nematodes 36, 37, 77, 123, 127, 137
96 varietics 35

nitrate 79, 80, 82, 83, 100, 101, 102, 103,
104, 207

nilrogen 6, 79, 80, 82, 83, B6, 87, 91, 92,
93, 94, 95, 96, 98, 99, 101, 102, 104,
162, 163, 164

nen-artificial mincral lertilisers 99, 101
Norfolk Black 37

nurscry vine suppliers 222

nulrient monitering 92, 94

nutrient removal 92, 93

nutrient replaccment 92, 93, 94

nutrients 13, 15, 16, 20, 24, 30, 32, 61,
75, 76, 77, 78, 79, 80-7, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 107, 109, 111, 158, 159, 162,
186, 201

calcium 77, 78, 79, B0, 82, B3, 84, 87,
91, 92,94, 95, 96, 97, 94, 102, 104,
167

magnesium 78, 79, 80, 82, 83, 84, 91,
93, 94, 95, 96, 97, 98, 104

monitoring of 94

nitrogen 6, 79, 80, 82, 83, 86, 87, 91,
92, 93, 94, 95, 96, 98, 99, 101, 102,
104, 162, 163, 164

phosphorus 79, 80, 81, 83, 86, 87, 91,
92, 93, 95, 96, 98, 99, 102

potassium 79, 80, §2, 83, 84, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104

removal of 92, 93
replacement of 93, 94

sulphur 79, 8O, 84, 87, 93, 98

152 variety 35, 148

228

orchard infrastructure 58, 60
ordering vines 59

arganic carbon 79, 96
organic fertilisers 99, 100-1

organic matter 77, 79, 86, 91, 100, 101,
109

out-ol-season crop 67, 74

packing 41, 136, 153, 165, 168, 169, 170,
171, 204, 207, 208

Panama Geld 37
Panama Red 6, 35, 37

Panama selections 3, 4, 5, 6, 15, 35, 36,
37, 38, 41, 43, 44, 59, Gb, 134, 135, 137,
167, 177, 180, 201, 205

Pandora 6, 34, 35, 37, 42, 43, 44, 53, 135,
170, 177, 180

passiflora latent virus 134
passiflora virus ¥ 134

Passionfruit Australia Incorporated 34,
38, 59, 177, 195, 222

passionfruit growers association 222
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growth of 5-7
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germination 8, 14, 178

poliination 2, 6,7, 9, 41, 42,137, 177,

180, 203
root growth 6, 81, 108, 162

vegctalive growth 5, 6,7, 8,9, 10,
14, 15, 26, 80, 91, 92, 93, 107, 201

parts ol 2

flowers 4, 6, 8, 9, 10, 14, 85, 129,
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fruit 2,4, 5, 6,7, 8,9, 10, 14, 15, 16,
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53, 54, b5, 59, 66, 73, 74, 80, 81,
82, 83, 85, 90, 92, 93, 100, 104,
106, 107, 109, [11, 112, 117, 121,
122, 123, 125, 126, 127, 128, 129,
132, 133, 134, 136, 137, 141, 142,
143, 144, 149, 150, 151, 155, 160,
164, 166, 167, 168, 169, 170, 171,
172, 173, 178, 180, 184, 188, 191,
194, 195, 196, 197, 198, 201, 202,
203, 204, 205, 207, 208, 209, 210,
212, 218, 219, 220

vegelative growth 5, 6, 7, 8, 9, 10,
14, 15, 26, 80, 91, 92, 93, 107, 201

passionfruit species 5, 35, 37

black passionfruit 5, 6, 7, 35, 37

golden passionfruit 5, 6, 7, 36
passionfruit varieties and selections 5, 38

arrangement of in plantation 44
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Barlow's special 35
commercial status of’ 35-6
E 23 35

Jumbo Gem 35

Lacey 35

Lakeland Special 37

McGulhes Red 6, 34, 35, 37, 41, 43, 44,
53, 135, 170, 177, 180

Misty Gem 34, 35, 37, 39, 43, 170
Nellie Kelly 37, 38

96 varietics 35

Morfolk Black 37

152 35, 148

Panama Gold 37

Panama Red 6, 35, 17

Panama sclections 3, 4, 5, 6, 15, 35, 36,
37, 38, 41, 43, 44, 59, 66, 134, 135,
137, 167, 177, 180, 201, 205

Pandora 6, 34, 35, 37, 42, 43, 44, 53,
135, 170, 177, 180

Pinto 35

purple 3,5, 6, 7, 14, 15, 16, 35, 36, 38,
44, 59, 66, 135, 127, 167, 170, 171,
177, 178, 201, 205

Purple Gold 35

Sunshine Special 35

Supersweet 35

Swectheart 34, 35, 37, 40, 43, 53, 170
3-1 35

Tom’s Special 35

Tropic 35

passionfruit woodiness virus 8,9, 14, 15,
35, 36, 37, 66, 80, 107, 134

passionvine bugs 121, 123, 127, 218
passionvine mealy bugs 123, 128, 218
passionvine mites 123, 128, 218

pergolas 14, 20, 41, 42, 43, 46, 49, 50, 51,
52,70, 71, 73, 167, 205

permits 156, 212, 213, 214, 215, 216, 217,
218, 219, 220

pest action levels 141

pest control 66, 121-9, 124, 141, 201, 225
pest identification 123, 124

pest monitoring 139-45, 202

pesticides 51, 53, 66, 77, 86, 123, 126, 127,
128, 147-56, 186, 212

and the environment 155-6
equipment for 155-6
measuring 154
mixing 154

poisoning from [55



precautions with {53
safety lor 153

spills of 155
spraying 154
storagc ol 153

pests 10, 14, 15, 16, 30, 32, 35, 39, 43, 50,
54, 59, 62, 66, 67, 73, 110, 121-9, 133,
140, 141, 142, 143, 144, 145, 148, 150,
152, 156, 164, 200, 201, 202, 203, 207,
210, 225

ants 32, 65, 111, 123, 127, 128, 220
aphids 123, 135, 217

bandicoots 123, 129

birds 110, 111, 123, 127

borers 123

control of 124, 201, 122, 123, 124, 141,
225

crickets 123, 127

cchidnas 123, 129

endemic 140, 141, 144

exotic 140, 141, 144, 195
flower-eating caterpillars 217

fruit flies 123, 124-6, 141, 149, 151,
217, 218, 219, 220

fruitspotting bugs 16, 32, 129, 217
green coffec scale 123, 128

green vegetable bugs 123, 217
hares 110, 123, 129

hemispherical scale 123, 128
identification of 124

leafroller moths 218

lesser coffee bean weevils 123, 127
loapers 218

mealy bugs 123, 124, 127, 128, 150, 218
mice 123, 129

monitoring of 141, 143, 144, 202
nematodes 36, 37, 77, 123, 127, 137
passionvine bugs 121, 123, 127, 218
passionvine mealy bugs 123, 128, 218
passionvine mites 123, 128, 218
pigs 16, 111, 123, 129

rabbils 123, 129

rats 16, 30, 110, 123, 129

red scale 62, 67, 123, 124, 126, 219
Rutherglen hugs 123, 128, 219
snails 123, 129

soft brown scale 123, 128

Sorghum head caterpillars 219

spotting bugs 123, 129

swarming leaf heetles 123, {29
lermites 47, 123, 129

thrips 123, 129

white grubs 123, 129

whitc peach scale 123, 128
yellow peach moths 219

pll 13, 39, 40, 76, 77, 78, 79, 83, 84, 85,
86, 87, 91, 94, 95, 96, 97, 98, 99, 103,
164

phosphorus 79, 80, 81, B3, 86, 87, 91, 92,
93, 95, 96, 98, 99, 102

photosynthesis 80, 84, 86
phytophthora blight 133, 137, 215
phytophthora rootrot 36, 133, 137, 216
pigs 16, 111,123, 129

Pinto 35

planning 18, 19, 24, 102, 108, 112, 140,
189, 199, 200, 201

business 201-4

map 18, 19

markeling 202

of plantation 15, 17-24
plant defencc activators (34

plantation layout 14, 17, 18, 19, 21, 24,
186, 202

plantation records 203

planting 10, 15, 20, 29, 32, 43, 49, 57, 58,
59, 60, 61, 62-5, 66, b7, 74, 78, 91, 126,
129, 136, 141, 144, 161, 164, 179, 185,
200, 201, 205

planting sites 58, 62, 185
poisoning 154, 155, 188

pollimation 2, 6,7, 9, 41, 42, 137, 177,
180, 203

post-harvest handling 166, 168-73, 212,
220

potassium 79, 80, 82, 83, 84, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104

preplant fertilising 61, 91

processing 15, 39, 166, 168, 169, 178, 189,
198, 202, 204, 205, 208, 209, 210

processors 15, 152, 169, 185, 190, 202,
209, 210, 222

produce markets 194, 197, 198

propagation 35, 39, 40, 59, 135, 144,
175-80

pruning 69, 73, 74, 134, 135

pulp 4, 7,9, 35, 36, 37, 39, 40, 41, 42, 107,
169, 178, 180, 198, 209

Purple Gold 35

purple varieties 3, 5, 6, 7, 14, 15, 1G, 35,
36, 38, 44, k9, 66, 135, 137, 167, 170,
171, 177, 178, 201, 205

Index

quality assurance 172, 190, 224

quality management 188, 189-91, 194,
196, 198, 201, 202, 203

rabbits 123, 129

rainfall 14, 15, 22, 60, 65, 66, 77, 79, 80,
82, 92, 94, 96, 103, 107, 108, 109, 112,
115, 117, 118, 119, 136, 185

rats 16, 30, 110, 123, 129
red scale 62, 67, 123, 124, 126, 219
registered chemicals 136, 142, 212

replanting 48, 51, 53, 54, 55, 57, 58, 66-7,
73, 74, 132, 134, 200, 201, 210

ripping 32, 60, 31

root disease 67

root growth 6, 81, 108, 162

root volume 108

rootrot 2!, 36, 107, 109, 133, 137, 162

rootstocks 10, 33, 36, 37, 42, 64, 127, 133,
137, 138, 176, 177, 179, 180, 201, 222

suppliers 156, 161, 188, 190, 191, 198,
222

rows
length of 14, 20
marking of 14, 20, 59
orientation of 14, 20
spacing of 43, 152
Ruthergien bugs 123, 128, 219

salinity 13, 15, 100, 107
scalc insects 128, 219

scion 10, 35, 39, 40, 59, 66, 133, 135, 137,
177, 178, 179, 180, 201

seedlings 32, 36, 41, 42, 137, 176, 177, 178

seeds 4, 7, 41, 42, 59, 62, 101, 134, 162,
164, 176, 177, 178, 180, 222

extracling 178

sowing 178

‘ septotia spot 42, 133, 136, 137, 216

single-wire trellises 16, 20, 27, 41, 46, 47,
48, 50, 51, 53, 54, b5, 62, 63, 70, 71, 73,
167, 204, 206, 210

site preparation 58, 59-62

site sefection 11-16, 26, 186

slope 14, 19, 20, 21, 23, 24, 59, 60, 111
snails 129

sodium 79, 95, 96

soft hrown scale 123, 128

soil 8,9, 10, 13, 14, 16, 18, 20, 21, 22, 24,
28, 36, 47, 51, 58, 59, 60, 61, 62, 64, 73,
76, 77, 78, 79, BO, 81, B2, 83, B4, 85, 86,
87,90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 103, 104, 106, 107, 108, 109,

229



110, 112, 113, 114, 115, 116, 118, 119,
129, 136, 137, 155, 160, 161, 162, 163,
164, 169, 178, 179, 184, 185, 186, 201,
203, 223

analysis of 61, 78,79, 81, 82, 83, 84,
85, 90, 91, 92, 93, 94, 95, 98, 99, 201,
203

compaction ol 61, 77, 110, 162
health of 76, 77-87, 101

moisture of 10, 28, 106, 109, 11218,
119, 201

salinity of 13, 15, 100, 107
sampling of 61, 91, 95

surface of B3, 108, 109, 110, 115, 136,
161, 185

texture 108, 109

water 8,9, 108, 118, 162
sorghum head caterpillars 219
soTting 165, 168-9, 201

spotting bugs 123, 129

spray drift 16, 149, 155, 159, 160, 161, {86

sprayers 51, 53, 66, 148, 149-52, 155, 156,

204, 210
air-assisled 149, 150
bait 125, 126, 149, 151, 204, 207
calibration of 151-2
spraying records 152
spraying programs 133
sprinklers 48, 67, 102, (11, 118, 207, 220
SOF 1000 190, 191
SQF 2000 190, 191
stem canker 132, 133, 137, 138, 162, 217
stem removal 170
storage
af chemicals 153
of passionfruit 173
sulphur 79, 80, 84, 87, 93, 98

sunburn 14, 16, 20, 22, 39, 43, 48, 50, 53,
55, 65, 167, 169, 210

sunlight 8,9, 10, 14, 20, 52, 53, 62, 70,
107, 154

Sunshine Speeial 35

Supersweet varieties 35
swarming Icaf bectles 123, 129

sweet smother grass 51, 137, 160, 161, 223

Sweclheart 34, 35, 37, 40, 43, 53, 170

T-bar trellises 14, 43, 46, 55, 71
T-tape 1i0

technical services 225

230

temperature B, 10, 14, 20, 39, 103, 107,
109, 115, 126, 136, 149, 162, 168, 170,
173, 177,178, 210

tensiometers 106, 112, 113, 114, 115, 201
lermites 47, 123, 129

testing laboratorics 223

3-1 35

thrips 123, 129

Ton’s Special 35

tracc elements 81, 85-7, 95, 100

boron 79, 83, 85, 91, 95, 97, 98, 99, 100,

104, 107, 111

copper 47,61, 77, 83, 85, 86, 91, 97, 98,
100, 215

iron 79, 81, 85, 86, 87, 97, 99, 102
zine 61, 79, B, 83, B5, 86, 91, 98, 100

training 48, 50, 53, 54, 55, 66, 69-73,
112, 141, 144, 152, 183, 191, 225

transpiration 107, 108, 117

transport 12, 15, 16, 144, 156, 167, 173,
196, 203

trellises 3, 14, 15, 16, 27, 43, 45-55, 58,
62, 63, 70, 71, 73, 118, 167, 205, 200,
210

A-lrame 14, 43, 46, 50, 52-4, 70, 71,
167, 205

erecting 47-8, 49, 52
fence 46, 54

pergolas 14, 20, 41, 42, 43, 46, 49, 50,
51, 52,70, 71, 73, 167, 205

single-wirc 16, 20, 27, 41, 46, 47, 48,
50, 51, 53, 54, 55, 62, 63, 70, 71, 73,
167, 205, 206, 210

T-bar 14, 43, 46, 55, 71
trellising, see trellises
trickle systems 110, 114
Trapic 35

trunk (stem) canker 217

U-shaped drains 21, 24

U-shaped watlerways 18, 22, 23

variable costs 200, 207, 208

varicties, see passionfruit varieties and
selections

vegetative growth 3,5, 6,7, 8,9, 10, 14,
15, 26, 80, 91, 92, 93, 107, 201

vine guards 65, 129

vine spacing 33, 34, 43, 47, 59, 204, 205
vine suppliers 222

viral diseases, see diseascs, viral

volatilisation 99, 101
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wallahies 16, 110, 129

water monijtoring 105

water stress 108

water supply 15, 106, 107, 108, 110, 153

watering 32, 65, 66, 107, 111, 115, 116,
117, 135

waterways 18, 21, 22, 23, 60, 81
natural walercourscs 20
waxing 41, 170

weeds 10, 109, 118, 127, 128, 158, 159,
160, 161, 163, 164

control of 66, 158, 159-61
while grubs 123, 129
whife peach seale 123, 128

wind 8,9, 14, 12, 14, 15, 26, 27, 28, 29,
54, 63, 107, 126, 135, 136, 137, 162, 185,
201

windbreaks 8, 10, 15, 19, 20, 25-32, 58,
59, 61, 110, 135, 186

artificial 20, 26, 32
design of 27-9
establishment and maintenance of 32
formalion of 28-9

gaps in 29

height of’ 27

length of 28

arientation of 28
permeability ol 27
species suilable for 29-31
widih of 28

WOQA 188, 190, 191
yellow peach moths 219

zinc 61, 79, 81, 83, 85, 86, 91, 98, 100
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