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The Cooperative Research Centre for Vit iculture (CRCV)

Core Partic ipants

The Cooperative Research Centre for Viticulture
(CRCV) was established for a second 7-year term on
July 1, 1999. The Centre is established and
supported under the Australian Government’s

Cooperative Research Centre’s Program as a joint
venture involving 12 core participant private and
public sector agencies providing and supporting
Australian viticultural research and education. 

Industry Partnerships Program

The $15 million Industry Partnerships Program is
part of the Australian Government’s cornerstone
package, Agriculture-Advancing Australia (AAA).
The AAA package supports farmers adapting and
responding to an increasingly complex and
competitive global market.

The Industry Partnerships Program works directly
with industry to foster and support collective
industry strategic thinking and nationally-
coordinated activities, which benefits farmers facing
industry challenges.

The Program has provided the Australian Dried Fruit
Industry with an excellent opportunity to build a
close relationship with the Australian Government.  

With the Program’s  support, the industry through
the leadership of ADFA has been able to develop and
deliver on their key industry-driven strategies aimed
at building industry profitability, competitiveness,
and the capacity and flexibility required to respond
to a changing global marketplace.
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Welcome to the 
ADFA Dried Grape Production Manual

Growers and other industry stakeholders have been
using the manual as a great reference guide to assist
them in the operations of their enterprises.

Changes and improvements since 1998 in most
areas of the dried fruit industry has seen the need to
review the manual and bring it up to date with
latest information. 

While the basics of dried fruit production and
processing are still constant, some chapters have
been modified slightly while other sections have
been completely rewritten to ensure that the
information is concise, relevant and easy to read. 

New research into plant physiology, nutrition,
OH&S, soil moisture monitoring and food safety
issues are some of the areas that have seen a great
step forward in knowledge in the last few years.

The customers’ increasing demands for perfection
when buying our product keeps us ever-mindful
that we cannot rely on yesterday’s achievements
and an attitude of "near enough will do".

We grow the world’s finest dried grapes in most
seasons, weather permitting, and we need to keep
that edge. This updated manual gives you the best
and latest information to assist you in the task of
producing the best fruit in the world consistently
year after year.

Please use this manual as a guide, remembering
new ideas and techniques usually start with growers
trying different things, modifying current
technology and being willing to experiment. The
research community and industry focus usually
comes along a little later to refine and polish the
original concept of the grower and thus we all
benefit. 

We all need to keep on seeking to advance the
Dried Grape industry and I thank all those people
who helped in preparing this revised ADFA Dried
Grape Production Manual.

Peter L Jones
Chairman, ADFA

The ADFA Dried Vine Fruit  Manual  was written and launched in 1998.   



Contents

4 ADFA Dried Grape Production Manual

Table of  Contents

Dried Grapes in Australia
Producing Regions 9
Sultana Types 10
Sunmuscats 11
World Wide Plantings 12
Grapevine Physiology 13
Currant Types 18
Raisin Types 20

Producing Quality Fresh Grapes
Grapevine Materials 

including Rootstocks 25
Canopy Management 33
Pruning 41
Nutrition 46
Assessing Soil & Vine 

Nutrient Status 49
Irrigation 57
Irrigation Scheduling 65
Disease Control 70
Spray Management 92
Frost Control 97

Hand Harvesting & Drying
Harvest Preparation 101
Harvest Labour 102
Harvest Strategies 

& Commencement 108
Picking & Carting In 111
Fruit Placement & Spreading 112
Drying Emulsion Preparation

& Application 113
Grape Drying Principles 117
Rack Shaking 119
Boxing & Storing Fruit

for Delivery 123

Trellis Drying
Advantages of Trellis Drying 127
Requirements for Trellis Drying 128
Wetting 129
Cutting 133
Crown Picking 135
Harvesting 137
Finish Drying 140
Vine Care 141
Golden Rules 150

Contaminants
Contaminants 155
Bunch and Other Vine Matter 156
Chemical Residues 157
Other Contaminants 160

Fruit Classification
General Requirements 171
Classification Procedure 171
Quality Premiums & Special

Treatment Charges 172
Grade Specifications 173

Fruit Processing
Storage 181
Processing 182
Quality Assurance 184
Packaging 185
Transport 186

Farm Safety
Occupational Health & Safety 189
Legal Responsibility 191
Vineyard Operations 193
Tractors & Machinery 197
Workshop 201
Chemical Use & Storage 203
Training 206

Business Management & Planning
Financial Management 209
Property Audit 213
Skills Audit 214
Property Development Planning 215

Some Useful Websites 219

Index 220



5

Dried Grapes in Australia

Producing Quality Fresh Grapes

Hand Harvesting and Drying

Trellis Drying

Contaminants

Fruit Classification

Fruit Processing

Farm Safety

Business Management and Planning

Useful Websites



ADFA Dried Grape Production Manual6



Dried Grapes in Australia

7ADFA Dried Grape Production Manual

Dried Grapes In Australia

Producing Regions 9

Sultana Types 10

Sunmuscats 11

World Wide Plantings 12

Grapevine Physiology 13

Currant Types 18

Raisin Types 20



Dried Grapes in AustraliaSection 1

8 ADFA Dried Grape Production Manual



Dried Grapes in Australia Section 1

9ADFA Dried Grape Production Manual

Producing Regions

The Australian dried grape industry is located
predominantly in the Sunraysia region of northwest
Victoria and southwest New South Wales. Small
quantities are also produced in the Riverland region
of South Australia, as well as the Swan Valley and
Bindoon regions of Western Australia.

The main grape varieties dried are Sultana, Carina,
Sunmuscat, Gordo Blanco and Waltham Cross.
Some other varieties such as Merbein Seedless,
Maroo Seedless and Flame Seedless are dried in
less significant tonnages. Other  grape varieties
have been dried from time to time.

Australia’s major dried grape producing regions are on the River Murray.



Sultana Types

Origin of Sultana

The probable origin of Sultana vines is from the
Iranian town of Soultanieh. Over thousands of years
the variety spread across the Middle East, Southern
Russia and Western China.

Introduction into Australia

Sultana vines now in the Sunraysia and Riverland
regions came from two sources. The majority of
vineyards were planted from material that can be
traced to Sultana vines held in glasshouses in
England and known as Lady de Coverley's grape.
These vines provided the material for vineyards
established on the Cape of Good Hope, near Cape
Town in South Africa. These vines in turn provided
cuttings that were brought by sailing ship to
Australia. In 1867, Sultana buds from the Cape of
Good Hope were successfully grafted onto eight
other grapevines to establish a propagation source
for the Sultana variety at the Adelaide Botanic
Gardens.

Introduction into Sunraysia

In 1890, Thomas Lancaster and James Henshilwood
planted one-acre plots of Sultana at Nichols Point.
The rooted vines were brought from vineyards at
Mt. Lofty in the Adelaide Hills, and owned by the
Hon. H. D. Ross and Sir Thomas Elder. Cuttings
were also brought to Sunraysia from California
during the 1890s. However, it is said that W.B.
Chaffey advised growers not to plant the
Californian material except for use as table grapes
or for shade over verandahs. The Sultana variety
proved well suited to Sunraysia and the Riverland
and quickly became popular within the developing
settlements because it produced a fine dried product

and did not have the setting problems of the Zante
Currant. It also ripened earlier than Gordo, thus
avoiding the poorer drying conditions later in the
harvest season.  The early settlers tried different
pruning systems, however most original vineyards
were based on Californian growing practices,
including low, vertical wire trellises onto which six
canes were tightly wrapped around the lower wires.
The settlers of the day ignored the advice of the
South Australian viticulturist, Arthur Perkins, who
advocated hanging cane as the most appropriate
trellising system for Sultana. Hanging cane has
subsequently been shown to be a highly productive
and efficient canopy management system and is the
basis for many of the emerging trellises suited to
mechanisation.

Dried Grapes in AustraliaSection 1
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Fresh and Dried Sultanas.
(Above) Fresh bunch of Sultanas (below) and dry 
Sultana bunches.
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Expansion of Sultana Plantings 

The expansion of the horticultural regions along the
River Murray to settle returned soldiers after the
two World Wars greatly expanded the area planted
to Sultana and developed an export-orientated
industry that established markets in 50 countries
around the world. 
Despite recent contraction, Sultana is Australia's
most prolific grape in terms of area planted and
tonnage produced. Approximately 5% of Australian
grape plantings, or 8500 hectares, produce more
than 160,000 tonnes of fresh Sultana grapes most
years.

Other Grape Varieties Dried as Sultana

Merbein Seedless
Merbein Seedless is a variety bred and released to
industry by the CSIRO Division of Horticulture.
The variety is a consistently high-yielding Sultana
type. However, the fruit is subject to damage during
handling while fresh. The variety produces high
quality trellis-dried fruit and is a valuable variety
for this production system due to its yield
consistency and slightly earlier maturity compared
to Sultana.

(Left) Dried Sunmuscat bunch.
(Right) Fresh Sunmuscats on trellis.

Sunmuscat bunches on the vine.

Sunmuscat is a variety bred originally in Fresno,
California from a cross of Calmeria x P64-18 (P64-
18 is itself a cross of Muscat Gordo Blanco x
Sultana) and evaluated by the CSIRO at Merbein
and at the ADFA vineyard in Irymple.
It is a seedless, white, medium to large-berried,
muscat-flavoured type that is high yielding, disease
resistant and rain tolerant. 

To ensure good colour and avoid green tinge, fruit
should not be harvested or summer pruned until
fruit maturity reaches a minimum of 24° Brix. 
The high sugar content at maturity of 26° Brix
provides an excellent drying ratio of between 3.0 to
3.5 fresh tonnes to 1.0 dried tonne. 

Sunmuscat is a cane pruned variety with a loose
berried bunch structure that makes it well suited to
trellis drying and management on cordon-based
systems such as swingarm trellis.

Sunmuscat



Sultana grapevines are known overseas under
different names, such as Sultanina or Oval
Kishmish. In California the variety is called
Thompson Seedless.
The USA has the largest plantings of the Sultana
grapevine. The dried fruit they produce, called
Thompson Seedless Raisins, or TSRs, varies greatly
from Australian dried Sultanas. 
The Californian industry dries the fruit on paper
trays between vineyard rows without the use of a
drying emulsion. 
The resulting caramelised fruit is called a Raisin. 

Other countries use stone and concrete drying slabs
to produce TSRs. 
While natural drying in a hot and arid environment
is the main drying method, oil, gas, and wood
burning dehydrators are also used. 
Heat pump, solar enhancements and microwave
dehydration have also been used experimentally to
dry grapes.
The dried Sultana is produced in many nations
across the world using different techniques. The
table above summarises the size, technology used,
and product of major producing countries:

Dried Grapes in AustraliaSection 1
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Californian Thompson Seedless being spread and 
drying on paper sheets to produce Thompson 
Seedless Raisins.

Turkish Sultanas being spread and drying on 
concrete slabs.

World Wide Plantings
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The Growth and Cropping Cycle of Sultana

Several systems of identifying grapevine growth
stages have been developed. The Eichhorn and
Lorenz system as modified by B.G. Coombe has
been used for this manual. The cropping cycle of
Sultana occurs over two years. In year one the vine 
produces green shoots that mature and turn woody
during the season. In winter, selections of these
mature shoots, usually arising from the vine crown
or cordons, are used to replace the spent canes that
have produced the crop during the previous autumn.
During their growth the shoots develop buds at the
point of attachment of the leaf. These are called
nodes and the area between consecutive nodes is

called an internode. Usually two buds are formed at
each node position. One generally shoots to
produce a lateral in the same season while the other
is a compound fruit bud which produces next year’s
shoots and fruit. Clusters and tendrils are borne on
the shoot opposite leaves. The clusters occur near to
the base about nodes five and six, while tendrils
develop in a similarly alternating pattern to the
leaves further out on the shoot. 
The bunch (inflorescence) primordia are initiated
within the compound buds on the new replacement
shoots during the November and December period
and these develop slowly together with the apical
meristem and tendril primordia. The buds that
develop bunch primordia are called fruitful buds.
This is the beginning of next season's crop.
However, the buds provide no external sign of
whether it is fruitful or not. It is known Sultana
buds close to the base and tip of the cane are not as
fruitful as buds on nodes five to 11 from the base. 
The fruitfulness of buds is affected by the amount
of sunshine and the maximum temperature
experienced during the initiation period for bunch
primordia. Overcast, cool conditions and shading of
the replacement shoots during the months of
November and December can reduce the number
and size of the bunch primordia. To maximise yield
it is important to expose replacement shoots to the
available sunlight. High temperatures at the end of
December have been linked to reduced yields,
presumably due to the effects of stress on the
development of bunch primordia.
Protective scales cover the developing compound
buds. The development within the buds of the
bunch and tendril primordia and apical meristem or
rudimentary stem and leaves slow during the bunch
ripening period and the buds become dormant
around harvest and remain so during autumn and
winter.Main Features of a grapevine shoot.

Structure of a fruit bud.

Grapevine Physiology



GRAPEVINE GROWTH STAGES -  THE MODIFIED 

EICHHORN AND LORENZ SYSTEM
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The Growth and Cropping Cycle of Sultana
cont...

Dormant buds usually contain partially developed
shoots, including rudimentary leaves, tendrils, and
flower clusters or bunches. Usually, only the
primary one grows in spring. However, injury to the
bud may result in the secondary buds growing but
these are rarely fruitful in Sultana.
During the period January to March the
replacement shoots mature or lignify, becoming
canes and taking on a brown appearance prior to
the vine shedding its leaves in autumn.
In spring the buds and the protective scales along
the canes swell to reveal brown wooly hairs.  As the
bud swells further the tips of the young green
shoots can be seen. This phase of development is
known as budburst when 60% of the shoots have
progressed to this stage. In Sunraysia, budburst is
expected around the second week of September.
About two weeks after budburst the shoot becomes
clear and the leaves are completely free, which is
known as leaf emergence.
The shoot length is usually 10 to 15 centimetres at
this point. As the tips of shoots emerge from fruitful
buds, the bunch inflorescences become visible
approximately four weeks after budburst when
shoot length is between 20 and 30 centimetres. The
bunch primordia continues to grow while the
flowers are still clumped.

The flowers, which are covered by a cap or
calyptra, consisting of fused petals, separate at
about six weeks after budburst when shoots are
between 30 and 40 centimetres in length.
At approximately eight weeks after budburst the

capfall occurs exposing the five pollen-bearing
stamens and the pistil with the enlarged basal
portion, the ovary. Pollination at this flowering
stage is essential for fruit set. Flowering occurs at
the time that the rate of shoot growth is most rapid.
In Sunraysia this is about mid November for own-
rooted Sultanas. Vigorous grafted vines are usually
a week later.
Sultana berries within the bunch develop from the
ovaries that have been set. The undeveloped ovaries
fall off. The number of fruitful buds; the number of
bunches per shoot; the number, size and maturity 
of berries will all have an influence on crop size. 
A smaller crop normally follows a large crop the
following season, due to biennial bearing effects. 

Stages after Flowering

The development of Sultana berries has three
distinct stages: a period of rapid enlargement; 
a brief phase, during which there is almost no gain
in volume or weight; and at veraison a rapid change
in size, softening and sugar accumulation.
The vine's root system has two growth phases. 
The major growth of roots follows the decline in
shoot growth, and occurs after fruit harvest. 
Following the slow shoot growth after budburst a
period of vigorous growth occurs in late spring.
This is known as the grand period of growth when
shoot and lateral growth forms the leaf canopy.
The period of rapid shoot growth tapers as the vine

turns its energy to developing the bunches.
In the final stages of fruit ripening, shoots become
mature lignified canes. This process starts near the
base of the shoot and continues towards the tip.
After the Sultana crop is harvested, the vine's
energy resources are stored as carbohydrates in 
the vine's woody arms, trunk, and roots, which all
increase in diameter. Stored carbohydrates are
essential to the vine's survival during winter and 
to early development of new shoots in spring. 
The vine loses its basal leaves and then defoliates
completely to reveal lignified canes of varying
degrees of maturity.

Dried Grapes in AustraliaSection 1
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Magnified cross-section of a fruitful Sultana bud.
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The following chart maps the interrelationship of the factors involved in vine performance, from bud
initiation in late spring of one season until harvest of the next season:

Sultana yields are affected by environmental and 
vineyard management practices.



Carina

The name of this CSIRO bred cross of Shiraz and
Sultana (1964) comes from a locality 150 kms
south west of Mildura. 
Carina is a vigorous variety producing long narrow
bunches of small seedless, black berries not readily
split by rain and is currently the preferred variety.

Carina is sensitive to weather at flowering and in
some years caps will not fall freely from the
flowers. 
Carina requires a setting spray to produce
satisfactory crops and uniform berry size. 
The split spray method using between 100 to 300
ml of Cycocel per 100 litres of water, depending on
vine vigour, at bunch droop and 0.1 gram or 1 ml of
gibberelic acid per 100 litres of water applied at 80
to 90% cap-fall has given good results. 
However, a single combined spray at 80 to 90%
cap-fall also has support among growers. 
Carina ripens later than Zante Currant -- about the
same time as Sultana does.

Currant Types

Dried Grapes in AustraliaSection 1
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Bunches of fresh Carinas.

(Top) Carinas on Swingarm Trellis.
(Centre) Dry Carinas on Swingarm.
(Bottom) Bunch of dried Carinas.
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Zante Currant

Zante Currant is an early ripening small, black-
berried variety produced in Greece, Australia, the
USA and South Africa. It is known as Black
Corinth in the USA. Greece is the dominant world
producer and Zante Currant is the main variety
dried as its early ripening helps avoid heavy coastal
rains late in the season. The Zante Currant is very
susceptible to splitting following rain close to
harvest.
Zante Currant was one of the first varieties planted
in the Australian irrigation settlements. Settlers
developed tall trellises to help fruit set before
cincturing or girdling was standard practice.
Undeveloped berries within mature bunches is a
potential problem. The growth regulant, Cycocel
with active ingredient chlormequat, is used to
control this.

The spray procedure recommended for Zante
Currant is:

• Mix 100 ml of Cycocel; 0.1 gram or 1 ml of
gibberelic acid; and 12 ml of non-ionic wetter per
100 litres of water as per label. No other pest or
disease sprays should be added to the spray.

• Apply at a rate between 1,100 to 1,700 litres per
hectare. Usually the 1,700 litres per hectare rate is
used to obtain a thorough wetting to the point of
run off.

• The timing of the spray is at 80 to 90% cap fall
or at about match head size. This can be judged
best by inspecting 20 vines throughout a patch and
assessing percentage capfall on a bunch from each
vine. At 80% to 90% capfall vines are considered to
be in full bloom. 

• The vineyard soil should be moist at the time of
application.

With vigorous Zante Currant vines a split spray
application rather than a combined spray give
better results. The split spray method involves:

• Mix 100 ml of Cycocel and 12 ml of non-ionic
wetter per 100 litres of water. In excessively
vigorous vines 200 ml of Cycocel may be required.

• Apply at a rate between 1,100 to 1,700 litres per
hectare to obtain a thorough wetting.

• Timing of the first spray is 7 days after bunch
droop when bunches fall from their vertical
position.

• The second spray of 0.1 gram or 1 ml of
gibberelic acid per 100 litres of water is applied at
80 to 90% cap fall. 

(Above) Fresh and dried Currants and (below) Fresh 
Currants on the vine.

KEY POINT
Australian plantings of Zante Currant

are predominantly in the Sunraysia
region with significant plantings also in
the Riverland and in Western Australia.
Australian production varies widely due

mainly to the susceptibility to rain
damage and problems at fruit set. 



Raisin Types

Muscat Gordo Blanco

The name used for this variety in Australia comes
from Spain. Muscat Gordo Blanco translated means
fat white muscat. The variety is best known
internationally as Muscat of Alexandria. Muscat
Gordo Blanco is one of Australia's most prolifically
planted grape varieties used for wine, tablegrapes
and drying. It is also grown for drying in South
Africa and California. 

The Muscat Gordo Blanco variety has traditionally
been grown with the fruiting zone low to the
ground because of the lack of vigour and to use the
reflected heat from the ground to assist earlier
ripening.

Muscat Gordo Blanco is not a vigorous variety,
particularly once bearing. Own-rooted vines are
best close-planted. 

The use of rootstocks has improved vine vigour and
enabled a taller more productive vine structure to
be developed. Muscat Gordo Blanco appears to be
incompatible with Ramsey rootstock but can be
successfully grafted to most other stocks.

The variety is fruitful in the buds at the base of the
canes making it suitable for spur pruning. It is best
pruned to short spurs of one clear bud. 
Bunches are large and often loose with uneven
berries of medium to large size and a tough skin
that colours when exposed to the sun. The fruit has
a strong muscat flavour and has a very high sugar
content providing a fresh to dried ratio of
approximately 3.5 to 1.

Once dried as a Raisin and processed to remove the
capstem, the berries are often processed to remove
the large seeds. This process is costly both in terms
of the expense of the deseeding treatment and
because of lost product weight, the seeds being
approximately 10% of the grower’s delivered
weight.

The deseeding treatment involves steaming the fruit
to soften the skin to aid the puncturing of the berry
with a grid pattern of needles to push the seeds out
of the berry. The fruit is then dehydrated and
cooled. 

The damaging of the berry skin exposes the grape’s
sugars and therefore Seeded Raisins are prone to
quality deterioration if not stored in cool dry
conditions.

Dried Grapes in AustraliaSection 1

20 ADFA Dried Grape Production Manual

Fresh and dried Raisins.

IMPORTANT
Raisins are marketed predominantly on
the domestic Australian market as the

development and maintenance of export
markets is constrained by fluctuations in

supply usually caused by diversion to
wine production. In particular,

manufacturing users will not persist with
product lines that cannot be produced on

a reliable basis.
Bunches of fresh Gordos.
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Waltham Cross

Waltham Cross, like Sultana and Muscat Gordo
Blanco, appears to have originated in Asia Minor. It
is a large, white-berried, seeded variety widely
grown around the world and dried in Australia,
South Africa and the USA. It is commonly known
as Rosaki internationally. In Australia it is marketed
as a Raisin along with Muscat Gordo Blanco. The
Waltham Cross Raisin has a neutral rather than
muscat flavour. It is a late ripening variety which is
also used for table grape and wine production.

Bunches of fresh Walthams.
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Own Roots or Scion Material

The introduction of Sultana vines from South
Africa brought with it the viruses and deficiencies
inherent in the parent vines. Other viruses may have
been introduced from the rootstocks that were used
to establish the bud material at the botanic gardens
in Adelaide. The vines imported from the USA
would also likely have had varying virus loads.
Because of the serious risk of disease incursion in
imported material, illegal importation of vine
material must not occur. DNA fingerprinting of
vines has made identification of illegal material
now possible.  

In 1957 the CSIRO began clonal selection to
identify and evaluate superior-performing clones of
the Sultana variety in the Sunraysia region. The
CSIRO's trials of many own-rooted clonal vines
indicated that H4, H5, and M12 Sultana vines out-
yielded other non-clonal vines by 25%.

A grower-based trial between 1967 and 1972
indicated the clonal vines gave a yield advantage of
15% over other own-rooted Sultana vines. The high
yielding clones were free from visual symptoms
associated with leafroll virus infection observed on
lower yielding selections in the trials. 

The H4, H5 and M12 clones were established in
registered mother plantings to develop propagation
material and are now widely planted. H5 has been
the most popular clone. However, H4 and M12
have outyielded H5 in comparative own-rooted
trials. Subsequent research has indicated that the H5
virus load is a more serious disease condition than
found in H4. It should be noted that the clonal trials
of the 1950s and 60s were conducted under 

production constraints of the period that included
severe pruning, limited water supply and small
trellis systems. It has also been suggested that yield
differences between H4 and H5 may have been
larger if lighter pruning treatments, leaving higher
cane numbers, had been adopted. 

On the basis of this CSIRO research, H5 should be
considered as an inferior clone to H4 and most
probably M12 as an own-rooted vine. 

The following table summarises the trials
conducted on clonal material:

Producing quality fresh grapes is the first step to producing a quality dried product. This section considers the
factors affecting crop quality and vine yield.

Grapevine Material  Including Rootstocks



Own Roots or Scion Material cont...

During the mid 1980s tissue culturing techniques
were used in an attempt to eliminate the most
significant viruses from the clones and rootstock
material. In trials of grafted vines, H5 has been
found to perform as well if not better than H4,
when Ramsey is used as the rootstock. 

Regardless of the clone being sought, growers
should obtain material that is certified as coming
from mother plantings supervised by members of
the Australian Vine Improvement Association
(AVIA), such as the Victorian and Murray Valley
Vine Improvement Association (VAMVVIA). 
This material is tested by enzyme-linked
immunosorbant assay (ELISA) for the presence of
Grapevine Leafroll-associated viruses 1 and 3,
Grapevine Virus A and Grapevine Fleck Virus on an
annual basis.  Vines are also visually inspected for
virus symptoms each year. All material is produced
to a strict code of practice that ensures that cuttings
have been properly treated.  Obtaining plant
material from reputable sources is a sound practice,
given their superior yield performance. 

Varieties tested by ELISA have been tested for the
presence of Grapevine Leafroll-associated viruses 1
and 3, Grapevine Virus A and Grapevine Fleck
Virus.  Varieties tested by PCR have been tested for
the presence of Grapevine Leafroll-associated
viruses 1,2,3,4,5 and 9, Grapevine Virus A and B,
Grapevine Rupestris Stem Pitting associated virus,
Grapevine Rootstock Stem Lesion virus and
Grapevine Fan Leaf virus.

Rootstock Selection

Grafted vines are a combination of the rootstock,
which provides the root system and part of the
trunk, and the scion, which provides the remaining
trunk, canopy and crop. 

Improved yield is the major reason for the adoption
of rootstocks by Australian dried grape growers.
The yields from grafted vines vary but growers
with vines on tall or wide trellises report crops
consistently in excess of three and a half tonnes
dried to the acre. Grafted vines have assisted
growers to develop mechanised production systems
by providing the necessary vigour to cope with
summer pruning. This vigour is attributed to the
root systems on rootstocks, such as Ramsey, being
much more extensive than those on own-rooted
Sultana vines and their better resistance to
nematodes. Rootstocks can also overcome existing
or potential problems with soil and water quality,
and pests such as phylloxera.
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HINT
The industry's breeding and evaluation

program has more recently been focused
on vines that are not only high-yielding
varieties but also have desirable disease

resistance, color, size, flavor and
processing characteristics. 

The latest status of new varieties is
available from AVIA.

*Indicates varieties due for general release in 2006

A selection of VAMVVIA's scion material available for the major drying varieties follows:
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Rootstock Selection cont...

Rootstocks can perform differently across a range
of soil types and conditions that may exist within a
vineyard. These include:

• Nematodes: Essentially, rootstocks perform
much better than own-rooted vines in typical light
textured Mallee soils that are or could become
infested with root-knot and citrus nematodes.
Nematodes are often found in soils previously
planted to vines, citrus or vegetables. Ramsey is
believed to be the most resistant to both root-knot
and citrus nematodes which explains its popularity
as a rootstock for dried grape production. Research
has shown Dogridge, Freedom, Schwarzmann,
K51-32 and K51-40 to be resistant to root-knot
nematode whilst other research has shown they are
not resistant to citrus nematode.

• Phylloxera: Much of Europe is planted to
rootstocks because of phylloxera, an aphid that
damages and often kills vines by feeding on their
roots. Australia is mainly free of phylloxera with
about 1% of vineyards infested. Because of the
seriousness of the damage caused by phylloxera the
need for care is ever present. Protection from
phylloxera has not been a major consideration in
dried grape producing districts. Ramsey,
Schwarzmann, 5BB Kober, and Dogridge have high
resistance to phylloxera.

• Saline Soils: Ramsey and 1103 Paulsen
rootstock have a high tolerance to salt and should
be used in preference to other rootstocks where
soils are saline. Improved soil management and
irrigation practices will also reduce salinity levels.

• Lime Soils: Some grapevine rootstocks,
including Ramsey, and K51-32 show a low
tolerance to lime soils. Such vines show iron
deficiency symptoms of yellowing leaves called
lime-induced chlorosis. Iron deficiency problems
are usually observed in heavier soils, and some of
the conditions which favour this are heavy rainfall,
low soil temperature, excessive irrigation and poor
drainage. While 5BB Kober (Teleki 5A) or 140
Ruggeri are rootstocks preferred in limey soils, the
problem of iron deficiency should be addressed by
the adoption of improved soil management and
irrigation practices.

The root distribution of Ramsey rootstock (left) and own-rooted Sultana (right) shows the larger soil area that 
grafted vines can utilise to obtain nutrients and water.

HINT
The use of rootstocks can alter the

physiology of the Sultana scion with
regard to: vine vigour; budburst timing;

cane and bunch numbers; bunch
structure including berry numbers, size
and weight; fruit maturity; and quality. 



Rootstocks for Sultana Types

Much research and grower experience indicates that
Sultana on Ramsey is more productive than own-
rooted Sultana vines, particularly in replant
situations. This is due to Ramsey’s nematode
resistance and the ability to spread roots into soil
not previously used by own-rooted vines. However,
there are reports of declining yield performance of
Sultana on Ramsey, particularly on fertile loamy
soils where excessive vigour has led to shading of
the replacement canes. In light of recent research,
116-60 rootstock appears to be a good rootstock for
Sultanas and should be investigated as an
alternative.
It is also reported that it is more difficult to
traditionally prune Ramsey with its additional
vigour. Some growers also believe it is more
difficult to control pests and diseases due to the
denser leaf canopy. These concerns are addressed
later in this section. 

Rootstocks for Currant Types

The rootstock information for Sultana holds for
Currant and Carina types. However, compatibility 

problems exist between Zante Currant and
rootstock 5BB Kober. Incompatibility between
some scion and rootstock combinations can occur at
grafting and later in the vineyard. The causes of
incompatibility are thought to be linked to virus and
viroid infections that affect the graft union.

Rootstocks for Raisin Types

Muscat varieties, such as Muscat Gordo Blanco and
Sunmuscat, have shown compatibility problems
when grafted to Ramsey and these combinations are 
not recommended. 1103 Paulsen and 140 Ruggeri
rootstock are best suited for Sunmuscat.
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HINT
Rootstocks should be viewed as part of

an overall production system. The
selection of the appropriate rootstock

should be based not only on the physical
attributes of the grafted vine but also on
the overall system of management for the

vineyard. 

The following table summarises characteristics of rootstocks suitable for Sultana:

Rootstocks suitable for Raisin & Muscat varieties:
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Vine Propagation and Grafting

While it is possible for growers to cut and
propagate grapevine cuttings, it is advisable to
purchase cuttings from a state vine improvement
association. Grapevines produced from non-clonal,
untested plantings, can vary greatly in fruit yield
and quality. 
This variation is a result of genetic variability, virus
infection or both of these. Off-type vines or mixed
varieties are common in many grower plantings.
When present in severe forms, viruses can reduce
yield by up to 50%, affect fruit color and lower
berry sugar.

Grapevine cuttings taken from source plantings of
the state vine improvement associations are virus-
tested varieties and offer high-performing clonal
material identified by research organisations in
Australia and overseas.  Purchased cuttings are
supplied in heavy-duty plastic bags. A single plastic
bag is used when the cuttings are dispatched
locally. However, when dispatching to other areas
an outer plastic bag is also used.

The cuttings can be stored in:
• Cool storage in the supply bag providing it has
not been damaged. A well sealed bag is essential for
good storage. Cuttings can be stored at 6 to 8°C for
short periods of time, that is 1 to 2 months, and at 1
to 3°C for long term storage of 3 to 12 months.
Periods of storage longer than 12 months may lead
to a reduced strike rate from the cuttings. Freezing
cuttings may cause damage. Careful monitoring of
the temperature in the coolroom is required as
temperatures often vary within coolrooms and cold

spots can occur. For long periods of storage, it may
be necessary to use a fungicide dip to control
storage rots. Follow the manufacturer’s
recommendations closely with regard to
concentration and duration of immersion for good
results. 

• Sand storage is ideal for growers without access
to a coolroom and heat bed facilities. Sand storage
can be achieved by using an above ground bin with
an opening at one end which can be closed with
slats as the bin is filled. Another simpler and more
popular method is to store cuttings in a ground pit
lined with perforated plastic. With both methods it
is essential to ensure that drainage is adequate and
cuttings remain moist. 

• Cuttings are normally stored in bundles of 100
and can be stored upright or flat. Ensure that
bundles are well covered with at least 50 mm of
clean moist river sand between layers. Bins or pits
should be prepared well before the cuttings are
received to enable placement to be undertaken as
soon as possible. Disbudding in the case of
rootstock cuttings is essential to prevent suckering
after vines are planted. Remove all but one or two
top buds either before storage, or before planting
out. This can be achieved by using secateurs or a
wire wheel on a bench grinder. If the cuttings are to
be cool stored, the disbudding should occur before
storage, in which case, the plastic bag will need to
be opened to allow for disbudding, soaking and
other treatments. Ensure that plastic bags contain
100 ml of free water and are resealed well before
storage in the coolroom. Cuttings should be soaked
for 8-12 hours in rainwater before propagation. This
should be done prior to the cuttings being placed in
the pit, in the case of sand storage. 

Cuttings from vine improvement bodies are sorted 
for diameter.

Planting two year old grafted vines minimises lead 
time from planting to first crop. 
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Vine Propagation and Grafting cont...

Young vines need care, as they are quite susceptible
to drying out which reduces growth and is the most
common cause of death. 
Young vines have very shallow roots and require
frequent light irrigations. The succulent growth of
young vines is a great attraction to many pests and
diseases. It is essential to maintain good pest and
disease control programs in the initial year of
planting. The use of grafted vines in replant
situations is highly desirable. Grafting options are
numerous and the procedures are best learnt at short
courses available through local Institutes of TAFE
or from experienced grafters. The Agriculture
Victoria booklet "Understanding Propagation and
Grafting" is a good reference document for the
production of grafted vines.

Planting of cuttings

• The nursery should be well prepared and totally 
weed free before planting.

• Rows should be ripped along the planting line to
facilitate planting.

• Cuttings should be planted with not more than 
10 centimetres exposed above the soil surface 
and are normally planted in single rows with 
cuttings spaced 50 mm to 75 mm along the 
rows. It is a good idea to have water running in 
the row during planting. This reduces the risk of
air pockets and the cuttings drying out.

• After planting, apply a suitable herbicide that 
will act as a soil sterilant to prevent weed seed 
germination. The sterilant is fixed into the soil 
with an irrigation or equivalent rainfall, in 
accordance with the manufacturer’s instructions.

• Young vines should get frequent light 
irrigations, with occasional side dressings of 
urea.

• Young vines can be left to sprawl during the 
first season before being trellised.

• Weed control using hand weeding or chemicals 
is essential to ensure competition does not 
reduce growth of cuttings. A wick applicator 
may be useful.

• Cuttings can be planted directly into their final 
position in the vineyard. However, significant 
losses can occur using this method, resulting in 
an uneven planting. General maintenance such 
as irrigating, training, weed control and 
spraying for pests and diseases is also made 
more difficult when cuttings are direct-planted.

Managing Rootstock Vigour

Many dried grape growers have replaced own-
rooted Sultanas in their vineyards with newer
clones grafted to a rootstock, predominantly
Ramsey. Once these grafted vines come into
bearing the yields are substantially higher and are
often twice that of the older vines they have
replaced.
There have been some grower reports that yields
from Sultana grafted to Ramsey start to decline
when they reach about seven years of age. Concern
about this has led some growers to reconsider the
strategy of replanting with Ramsey. 
However, large areas of Sultana on Ramsey vines in
Sunraysia have consistently maintained high yields
for many years. A number of factors contribute to
the varying performance of Sultana on Ramsey
vines. The main ones being seasonal factors, and
the management of the high vigour associated with
Ramsey rootstock. In most cases it is possible to
control vigour and obtain yield advantages over
own-rooted vines.
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Managing Rootstock Vigour cont...

If management is inadequate, particularly in
seasons when environmental conditions do not
favour high bud fruitfulness, excessive shading
occurs resulting in further reductions in bud
fruitfulness and increased vigour. If not checked
early, the problem compounds with yields declining
further. Growing the best fruiting wood is the
ultimate aim for achieving high yielding grafted
vines. However, there is no one correct way to do
this.
Achieving this depends on a range of issues
including trellis type; soil type; nutrition; canopy
management and irrigation management. Managing
all of these inputs is challenging, but there are a
few principles which will help to maintain
consistently higher yields, even in years when
environmental conditions are not favourable.

The following factors determine yield:

• Environmental Conditions: A major factor that
influences the potential crop of Sultana on Ramsey
is the fruitfulness of the buds. The period between
mid November and mid December is critical in
initiating bud fruitfulness. The number of sunlight
hours and hot days during this time will influence
bud fruitfulness. Conditions during November and
December in 1991, 1992 and 1993 were below
average and may well have contributed to reduced
bud fruitfulness and yields in the 1993, 1994 and
1995 seasons. Alternatively, favourable sunlight and
temperature conditions at the same time in 1990
and 1994 contributed to large crops in 1992 and
1996. However, ideal conditions for promoting high
levels of bud fruitfulness does not guarantee a large
crop in the following season as there are many
other factors which need to be managed correctly.

• Vigour Management: It has become evident
from district experience that the major cause of
reduced yields from Sultana on Ramsey is brought
about by incorrect vigour management. In general,
no single technique is available to harness the
vigour of Ramsey. Rather, balancing a number of
factors is required.

• Canopy Management: Ensure that sufficient
buds are left after pruning and that the shoots
arising from these buds develop to their maximum
potential. Correct training during the initial growing
years is important to ensure that the crown is
formed in a manner that will provide adequate
replacement wood. The available wood should be
used to prune to vigour. 20 to 24 canes per vine can
be rolled on if they are available. This will help to
maximise the number of fruitful shoots. Another
method of manipulating the canopy is through
trellis drying, which typically removes about 40 to
50% of the leaf canopy in summer with a
consequent reduction in grapevine vigour. However,
by far the most important aspect of canopy
management is the selection of the correct trellis
type.

Many Sultana on Ramsey vines in Sunraysia have 
consistently maintained high yields. However, 
trellis, irrigation and nutrition are three areas that 
require careful attention to maximise vine 
performance.
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Managing Rootstock Vigour cont...

• Trellis Type: Selecting the right type of trellis is
an essential step in developing an appropriate
canopy management strategy. In general, single
wire or narrow T trellises are not suitable and will
lead to management problems. The Marshall trellis,
with a 45cm T and two vertical foliage wires, is
widely used. However, wide T trellises of a metre
or more, and hanging cane based trellises, such as
the Shaw Swingarm, are probably the best options.
Regardless of trellis type, extremely dense canopies
can still result where vines are growing in fertile
soils.

• Vine Spacing: (Swingarm Trellis).  It has been
found that canopy vigour can be managed by
extending the planting distance between vines on
cordon-based systems up to 4.8m (depending on
soil type).  By increasing the distance between
vines the canopy is less vigorous, enabling better
light penetration onto the developing buds.  Crop
levels have been maintained, and in most cases,
improved.

• Nutrition: Inappropriate nutrition of Ramsey
can cause major problems with excessive vigour. It
cannot be assumed that declining yields will be
rectified by the increased application of fertilisers.
If the yield reduction is due to over vigorous
grapevines, then applying extra fertiliser will make
the problem worse. District experience has shown
that many of the successfully managed Sultana on
Ramsey plantings receive little or no fertiliser.

• Soils and Soil Management: Sultanas grafted
to Ramsey become more vigorous in soils which
provide optimum growing conditions. Other less
vigorous stocks may be easier to manage in these
soils, particularly if hand harvested. However, very
heavy or limey soils can restrict the vigour of
Sultana on Ramsey. In these cases, management to
enhance vigour may be required. Covercrops can be
used to help maintain soil structure. 

It should be noted that cereals do not grow well
amongst Ramsey vines. Covercrops should be
turned in or close slashed to minimise the risk of
damage during the frost danger period. Some
growers have trialled root pruning as a means of
curtailing excessive vigour with some success.

• Irrigation Management: Deficit irrigation
strategies have been tried by some growers to
reduce vine vigour. However, extreme caution is
required as moisture stress, particularly during
flowering, fruit set, and early cell division, can
result in poor flowering and set, and subsequent
reduced berry development. It is important to
ensure sufficient water is available during these
critical periods. There are some indications
moisture stress later in the growing season may also
reduce fruit quality. Recent research has also
indicated that excessive moisture in spring may
contribute to excessive vigour often resulting in
poor maturity, dieback of canes and reduced yields.
Cover cropping may assist in reducing soil moisture
levels during this period.

The extensive root system allows Ramsey 
rootstock vines to access large soil volumes.

HINT
Using grafted vines to replace dead or
weak vines within a planting of own-
rooted vines on small trellises is not

recommended.

REMEMBER
The Sultana variety has low and variable
bud fruitfulness and variations from year

to year are not overcome by the use of
rootstocks.  Consideration of vigour

management is important to maintain
superior yield performance of grafted

vines, particularly in fertile soils.
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Canopy management is a most important
consideration in vineyard management to ensure
high yields of best quality dried fruit.

Historically, the two canopy management or
pruning systems used have been cane or rod
pruning for Sultana and Carina, and spur pruning
for Zante Currant and the Raisin varieties that are
more fruitful in the basal buds. More recently, a
number of modified canopy management systems
have been adopted by growers to increase yields
and mechanise production systems. Various trellis
designs have been developed to accommodate
canopy management systems, and production
systems such as trellis drying.

Trellis Selection

During the establishment of the Chaffey irrigation
settlements from the late 1880s, the Californian
system of low, single or two wire vertical trellis
was adopted. 

In 1938 it was noted that vines were tending to be
bigger, producing more crop and had a larger leaf
canopy.

The CSIRO recommended the 0.3m T trellis system
to alleviate problems of bunch crowding, uneven
maturity and rain damage. 

Trials demonstrated that the narrow T trellis
increased Sultana yields by 12 to 20%, gave better
shoot distribution, less wastage in bad seasons,
better bunch uniformity and weight, and improved
drying ratios.

Further research has shown that foliage wires and
wide T trellis (0.9m) will increase yields
significantly over standard 0.3m or 0.45m T
trellises. The 1970s research on wide T trellises
indicated yield increases of 40 to 50% due to more
bunches having more berries per bunch without a
change in sugar concentration. 

The rate of adoption of improved trellis systems has
been relatively slow, particularly for own-rooted
Sultanas. Improved trellising offers an opportunity
for significant improvements in yield to be
achieved.  A number of canopy management
systems based on tall or wide trellises has been
developed.

Research has shown that the production from
vigorous vines, resulting from the adoption of
improved cultural practices, such as clonal and
grafted vines, improved fertilisation, irrigation, and
soil management, is restricted by traditional trellis
and training systems. 

To utilise the production potential of vigorous
grafted vines, consideration must be taken of the
vine’s space and light requirements and other
management factors. While this applies
predominantly to Sultana that is cane-pruned, the
principle also applies to Currants, and to spur-
pruned varieties grafted to vigorous rootstocks.

Narrow T trellis had foliage wires added to keep 
replacement shoots up in sunlight and to open the 
canopy.

Canopy Management

Wide T trellises increase foliage area to improve 
photosynthesis.
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Trellis Selection cont...

A number of inter-related factors must be
considered when choosing a trellis to optimise the
performance of both own-rooted and grafted vines
as part of a production system. 

These factors are:

Canopy shading:

• Lower sugar levels result if a large volume of
leaves are shaded. They are unable to contribute to
crop maturation.

• Bud initiation is reduced if shoots are shaded.

• Management problems are also increased by
providing a micro climate favouring the
development of pests and disease and limiting the

penetration of chemical sprays. 
Shoot crowding:

• Decreased leaf exposure reduces photosynthesis,
impairing the grapevine’s capacity to match the
increased fruitfulness and to mature larger crops. 

Better replacement canes:

• Providing foliage support wires encourages
shoots to be vertically trained. These provide
superior replacement canes than horizontally
trained shoots due to increased fruitfulness and
vigour. 

Pruning levels:

• Lighter pruning facilitates the use of more canes
to maximise production with vigorous vines.
Severe traditional pruning is labour-intensive,
reduces yields and creates vigour problems.

Row and vine spacings:

• Photosynthesis and yields per acre can be
improved by increasing the size of the canopy with
tall trellises, wide T trellises or large foliage wire
systems.

• A possible alternative may be to decrease row
spacings, effectively increasing the number of vine
canopies and using simple trellis systems such as
hanging cane. Where narrower row spacings are
used for grafted vines, planting distances within the
row must be increased to manage vine vigour.

• Vine spacings may vary between 3.6m (12ft)
and 4.8m (16ft) depending on soil type, scion
variety and rootstock.  Best spacing is 3.6m (12ft)
to 4.2m (14ft).

Production system:

• The desire for mechanised production systems
has focused attention on cordon-based systems that
are readily summer and winter pruned.

• Trellis drying requires good access to bunches
for wetting therefore the spreading of the fruiting
zone is beneficial.

• Drying of large crops and disease control is
improved with good air circulation in the canopy.

• Separation of the fruiting and replacement canes
aids crown bunch identification and reduces cane
damage during harvest.

• Large trellises can make machinery access
difficult.

Ivan Shaw’s Swingarm trellis for mechanised 
production is based on the hanging cane system – 
further information see section 4.

The single cordon hanging cane system that was 
first recommended in the 1890s.
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End Assembly Selection

The design and construction of a vineyard trellis is
important to provide a cost effective and reliable
structure suited to the grape variety and type of
production system. The end assembly is an
expensive and critical part of the grapevine trellis
structure. Collapsing end assemblies are the major
cause of trellis failure. They can cause crop loss
and are costly to repair. The two most common
end-stay assemblies used in dried grape producing
districts are the post and rail and the stayed post.

On average, a stayed post assembly of the above dimensions would carry a load of about 3 tonnes. A post and rail
assembly of the dimensions shown below would carry about a 2 tonne load. The main cause of post failure with post and rail
assemblies is failure of the bracing wire. The use of alternatives to wire such as steel rod marginally increase the load
carrying capacity of the post and rail assembly but fall well short of the strength of a stayed post assembly

RESEARCH
Considerable research has been
conducted into the design and

installation of end assemblies at the DPI
Irymple. This research has shown that
stayed post assemblies are significantly

stronger than any other type of assembly,
particularly if the end post is driven.

Stayed post assembly

Post and rail assembly
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End Assembly Design

Stayed post assembly designs should incorporate
the following:

• The end post should be driven 1.2m  into the
ground.

• The deeper the end post is in the ground, the
stronger the assembly.

• The end post should be of sufficient height to
bear the load of the trellis horizontally. 

• The stay height on the end post, and stay length
are critical. The assembly gets stronger the higher
the stay is positioned on the end post and the
greater the distance to the stayed post base, thereby
decreasing the angle of the stay. 

• If the distance between the end post and the stay
base is increased from 1.8m to 3m then the post
jacking force of the assembly is reduced by a third.

• The use of a bracket to hold the stay in place is
preferred to cutting a notch, which weakens the end
post.

• The baseplate should be bearing on undisturbed
soil.

An end assembly based on the above principles will
be much stronger than traditional stayed post
designs which have shorter stays positioned lower
on the end post.

If the post and rail assembly design is preferred
then it should incorporate the following: 

• The end post should be driven to a depth of
1.2m, the same as for a stayed post assembly. 

• The inner post needs to be driven to a depth of
at least 0.6m as this provides sideways strength.

• Having the rail in line with the load is of no
advantage to having the rail 0.3 metres below the
top of the post. If the rail is lower than this the risk
of post breakage is increased. 

• Vertical end posts are stronger than angled
posts. These are also easier to install and do not
encroach on the headland. The following table
indicates the inefficiency of angled posts compared
to vertical.

The straining mechanism of a post and rail
assembly is the most important factor for a stable
assembly.

• The tension in the wire used to strain the
assembly is always higher than the pulling load,
and may be two or three times more depending on
the length and position of the rail. If the rail is
shortened and/or lowered then this tension will be
higher. 

• At least two strands of high tensile wire and the
use of mild steel pins or bolts, rather than cast pins,
in Walker strainers will improve the reliability of
the straining system. Some growers have used mild
steel rod instead of wire but this improves the
strength of the assembly only marginally.

End post assemblies after testing. The stayed post 
has failed due to the stay being too low. The post 
and rail assembly has failed due to the straining 
wire breaking.

IMPORTANT
If soft wire is used for straining then the

probability of assembly failure is very
high and the assembly will collapse as
soon as the straining system fails. Use

high-tensile wire.
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End Assembly Construction

The materials used for the end assembly will
greatly influence its strength and cost. The
following materials have been shown to be cost
effective:

End Posts: Research has shown that creosote
treated pine posts are stronger than CCA salt treated
posts. In the 100-125 mm diameter range the
creosote post is 50% stronger. This advantage is not
apparent in the 125-150 mm diameters with
creosote posts only 2% stronger. 

Stays and Rails: CCA treated or creosote treated
pine posts of 75-100 mm diameter and a length of
3m are recommended. Rail and stay strength and
length is important.

Inner Post: CCA treated or creosote treated pine.
Posts of 100-125 mm diameter and a length of 2.4m
are recommended.

Baseplate for the Stay: Red gum blocks, of about
300 mm x 300 mm x 40 mm in size are adequate.

Wire: Wire for straining post and rail should be
multiple strands of at least 2.85 mm high tensile
wire. Alternatively some growers have used mild
steel rod.

Wire strainers: Walker strainers are commonly
used in Sunraysia, however it is advisable to
replace the cast iron pins as these break easily. Mild
steel pins are far superior to cast iron ones.

Wire ties: If the wire is to be tied at the end post an
overhand knot is recommended but it will be
considerably weaker than the breaking strength of
the wire. Stronger methods of securing high tensile
wire are the wire vice, lap joining and butt splicing
that are effective up to 100% of the wire’s strength.

The 125-150 mm post is generally recommended. The end post should be of a length that enables 1.2 metres to 
be buried plus the height of the above ground trellis.

Walker strainers are commonly 
used for straining trellis wires. 
However, the cast iron pins as shown 
left should be replaced with mild steel 
pins.
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Trellis Construction 

Intermediate Posts: Creosote (black) posts are
stronger than CCA salt treated pine (green) posts,
and unshaved (Cambio) posts are generally stronger
than shaved posts.

There are a number of factors that will affect a
post’s resistance to movement: 

• The deeper the post is driven into the ground the
better. In most soils driving a post a further one
third deeper doubles its resistance to failure.
Normally sandy soils have less resistance than
clays. Soils with a high moisture content usually
have reduced resistance. 

• A post that is driven is more stable than a post
placed in an oversized hole with the earth rammed
back around it. 

• The ease of driving the posts will indicate the
need for longer posts to be used. In most
redevelopment situations it is recommended to use
2.4m posts driven 0.6m into the ground. The 1.8m
left above the ground means that either foliage
wires or hanging cane based production systems
can be utilised on the posts either now or in the
future.

Trellis Wire: Trellis wire must have sufficient
tensile strength and breaking strength to withstand
not only the initial tension applied during
installation but also the tension created by crop load
and the vine’s foliage canopy which are increased
during high winds and rain. Low overnight
temperatures also cause the wire to contract and
increase wire tension. Soft and high tensile are the

two types of wire available in Australia in a range
of diameters. High tensile wire has a higher elastic
limit before failure. Trellis wire should be tensioned
to 650 kN. Do not over-tension wire as it does not
allow the wire any elasticity to cope with force and
temperature fluctuations. 

IMPORTANT
Do not over-tension trellis wires.  It does

not allow the wire to expand and
contract with heat and cold, and will

result in more breakages.

HINT
Always remove bark from wood posts as
it holds moisture and will promote the
corrosion of wire.  Store wire off the

ground on a pallet.  This will reduce any
corrosion while the wire is in storage.
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Wire Joiners: 

Joiners have been found, in many cases, to be a
stronger method of connecting wire than knots. 
Testing by the Kondinin Group found a Smorgon
crimp joining 2.5 mm high-tensile wire failed at 92
percent of the wire’s ultimate tensile strength,
compared with a figure eight knot, which would fail
at about 65%.

Wire joiner tests: Testing by the Kondinin Farm
Research Group has assessed the effectiveness of
wire joiners as an alternative to knots. The Gripple
has been available for more than a decade.  A
similar but relatively-new product in Australia is
the Wirelok. Like the Gripple, this method does not
have a strainer-applicator and is simply applied
after straining fence wire with a conventional tool.
The third joiner is the Ezecrimp.  The crimps
contain an emery grit, which helps grip the wire
after the crimp has been compressed. The small
crimps cost only a fraction of the price of a Gripple
or Wirelok, but the multi-grip tool required to use it
is the most expensive at about $180.

The Kriesl Twitcher with tensioning tool.

Ezecrimps are cheapest, but require a special 
multi crimp tool.

The Gripple can be adjusted to re tension trellis wires. The Wirelok can be used to join trellis wires.

Other joiners: Spiralfast tension ties: Galvanised
spring steel with a spiral design and gritted coating
can be used on all types of plain wire but are
particularly useful on high-tensile wire.  The tension
ties require no special tools, but can be used in
conjunction with conventional wire strainers.
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Wire Joiners cont...

Wire Knots: Knots are still the cheapest method of
joining wire, but the effect of a particular knot on
the type of wire being used needs to be considered.
When trellis wire is joined or tied using knots, the
strength of the join will determine the effective 

strength of the wire. The ability of the join to
withstand force is more important than the breaking
force of the wire. All knots lower the ultimate
strength of the wire. 

The Kriesl Twitcher is used to strain loose wires 
using a specialised tensioning tool.  At a cost of 
about $1.50 each, it is easy to use and cheaper than 
in line ratchet strainers. 

Wire re-straining devices:
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The aims of pruning are:

• To keep the vine in a form which allows
effective and efficient cultivation, general
management and harvesting of the crop.

• To regulate the crop to obtain consistent yields
of the fruit quality required by the processor and
consumer. 

• To optimise pest and disease management.

Factors Influencing Vine Pruning

• Vine Age: Correct training and pruning during
early years will develop a sound framework.
Mature vines carry a bigger crop than young vines.
Poor training and pruning early will remain for the
life of the vine.

• Soil and Climate: Soil fertility, depth of soil
and availability of moisture are factors which
determine growth and yields of vines.

• Vine Variety: Some varieties of grapes are very
fruitful with two or three bunches being produced
on each shoot. These varieties must be pruned hard
to avoid overcropping. Other varieties, such as
Sultana, are less fruitful. Sultana bunches form
further out from the base of the cane, so longer
canes must be retained at pruning to maintain
satisfactory yields. 

• Vine Vigour: All vines, regardless of variety,
pruning method or age, should be pruned according
to vigour. Vigorous vines that are pruned too hard
may under crop, have poor fruit set, and have
poorly coloured fruit. Weaker vines that are under
pruned may produce poor quality, immature fruit. If
vines are losing vigour, look for the answer in some
aspect of management rather than in the method of
pruning.

Time of pruning

Pruning can start as soon as the leaves have fallen
at the beginning of winter and should be completed
before budburst in early September. Vines pruned in
June may burst a few days earlier than vines pruned
in late August. 

Late pruning also leads to a more even budburst in
cane pruned varieties and may also result in a better
fruit set. 

The free flow of sap, which commonly occurs when
pruning is carried out in late winter or early spring,
does not harm the vine.

Rechargeable electric pruners reduce the strain on 
hand and wrist muscles.

Pruning 

Roll-handle secateurs. 
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Cane Pruning 

Varieties, which have unfruitful basal buds such as
Sultanas, are cane-pruned.

When training young cane-pruned vines it is
important to:

• Maintain a straight trunk.
• Keep the crown of the vine about 250 mm
below the fruiting wire.
• Provide replacement shoots for each side of the
vine.
• Provide sound fruitful wood by selecting strong
healthy canes growing beyond the spurs. Trim the
canes back to about 15 buds before wrapping them
onto the trellis wire.

Cane-pruning mature vines involves the
following operations:

• Cutting Out: If the correct number and type of
canes are not selected, vine health can be affected
as well as production in the following year. The
number of fruiting canes to be kept will depend on:
variety; vigour; and whether vines are on own-roots
or grafted onto a vigorous rootstock. Sultanas on
own-roots may require from 4 canes to 16 canes for
vigorous vines. Grafted vines may need up to 20
canes if vigorous rootstock is used. 

Keep the best canes for next season's fruiting wood.
These would have developed from last season's
canes or from replacement spurs left near the crown
of the vine. Water shoots are not suitable because of
their poor fruitfulness. Desirable characteristics in a
fruiting cane include good brown colour; average
thickness; short internodes (the distance between
buds); and canes coming from the crown of the
vine.

Research may in the future provide a prediction of
bud fruitfulness, which would allow this to be
factored into the decision of how many canes to
leave. When cutting out, a long stub of two year old
wood sloping outwards away from the fruiting cane
should be left to avoid splitting when the cane is
wrapped down.

Additional cuts along the two-year-old wood can be
made to aid the removal of this during pulling out.
The use of a pruning saw to improve the shape of
the vine by bringing the vine back to the centre and
lowering the crown should be done in years of high
fruitfulness.

Training a young cane-pruned vine.

HINT
The number of canes to be left will be

determined by the performance of the vine
in the previous season. Leave the same

number of canes if production is
satisfactory. Where vines appear to be

stronger or weaker, adjust the number of
canes accordingly.

Mature cane-pruned, own-rooted Sultana vines.
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Pruning cont...

Pulling Out: 
This involves removing severed unwanted canes
from the trellis and from around the vine. These
canes are placed in the middle of the vine row
where they are chopped up during normal
cultivation practices. The Morello Cane Stripper is
a mechanical aid to assist the removal of spent
canes as an alternative to pulling out by hand. Its
design is based around hydraulically driven rotating
cutter blades that mulch the canes on the wire into
fine particles, leaving no visible debris in the
vineyard. The cane stripper can operate from above
or below the wire and it can complete
approximately 3/4 of an acre per hour.

Trimming Up: 
This involves the selection of the most desirable
canes, trimming off lateral growth, and cutting
canes back to a desirable length. In many cases
trimming and rolling on operations are combined. It
should be remembered that Sultana is most fruitful
from nodes seven to eleven. This varies from year
to year depending mainly on environmental
conditions during bud initiation. In the year
following damaging frosts or severe hail damage
the buds are likely to be more fruitful than usual
towards the end of the cane as these form after
competition from the current crop has been
reduced. In years following spring damage to
shoots it is recommended to leave canes longer than
usual. Hail-damaged canes are likely to be brittle
therefore all canes should be left until after rolling
on before the excess canes are cut off.

Rolling On:
This is the final stage of cane pruning, with the
rolling down of selected canes onto the trellis wires.
Canes may be rolled on any time up to budburst.
However, canes become easier to roll on and less
breakages occur if the operation is left until the sap
starts to flow towards the end of winter. Rolling on
should commence with the selection of a cane from
near the centre of the vine, which is brought to the
wire by the most direct route. The cane is wrapped
onto the wire with a backward twist so that when
the cane tries to untwist it holds more tightly to the
wire. To assist pulling out next year canes should
all be rolled on in one direction and not plaited.

Morello cane stripper.

Rolling on is best done when the sap flow 
commences.

Selecting and trimming the best canes for rolling on.
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Pruning cont...

Canes should not cross over the centre of the vine
to prevent bunches resting on the crown making
them more susceptible to disease and causing
crowding out of replacement shoots. When the
desired canes have been rolled down the rest are cut
off leaving enough buds to develop next season’s
canes.

Spur Pruning

Spur pruning is used on all varieties where the
basal buds on the canes are fruitful enough to
guarantee a crop every year. Muscat Gordo Blanco
and Zante Currant are most commonly pruned this
way. It is quicker and cheaper than cane pruning
and lends itself to mechanisation of the pruning
process.

When training young spur pruned vines it is
important to:

• Maintain a straight trunk.

• Establish permanent cordons by rolling down
healthy canes. Ideally, the entire wire should be
covered with cordons. The length of the cordons
can be increased on more vigorous vines by laying
down a short cane at the end of the arm.

• Establish staggered spurs, located at intervals of
200 mm, along both sides of the cordons. 

• When a system of spurs has been developed
along the vine cordons, all future pruning is based
on that system. If vine vigour increases then more
spurs are left. If vine vigour decreases some of the
weaker spurs should be removed.

Spur pruning mature vines involves cutting back
canes produced during the previous year to two
clear bud lengths and sometimes one. These canes
develop from the cordons produced during the
training of the young vine. The crown and trunk are
kept free of spurs. If two canes are produced from
the one bud, the cane growing outwards is kept and
the other removed.

Each two-bud spur will usually produce two shoots
in spring, and the stronger shoot is generally
retained as the replacement spur when pruning the
following year. By doing this, the number and
position of spurs can be maintained for many years.

IMPORTANT
Pruning after frost or hail damage in

spring is counter productive as it does not
increase the current crop and reduces the

fruitfulness of canes for next season.

Pruning a mature spur pruned vine.
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Other Canopy Management Systems

The following canopy management systems have
all been utilised for Sultana with various levels of
success. Some of these systems are still new but
show promise in balancing high yielding vines to
produce high quality dried grapes.

• Split Cordon System: Split cordon is a system
comprising permanent cordons trained onto a tall T
trellis or onto a single wire trellis. One side of the
vine carries fruiting canes while the other side
carries replacement canes for next year's crop. The
fruiting side of the vine alternates after each year.
During pruning, the old fruiting canes are spurred
back to the cordon. The coming season’s fruiting
canes are left to hang down. This system can
increase yields, provide high quality fruit and
reduce pruning time by up to 60%. Fruit can also be
trellis dried in a salvage situation. 

• Ivan Shaw’s Summer Pruned System:
Mechanised production systems developed by Ivan
Shaw are an exciting innovation in the production
of dried grapes. The system has developed from a
combination of the split cordon and hanging cane
systems. The configuration of the system provides
fruiting canes to give a crop on one side of the
permanent cordon, while replacement canes for the
following year's crop are produced on the other side
of the cordon. The Shaw Swingarm system can be
summer pruned using a cutter bar, with very little
winter pruning required, trellis dried and
mechanically harvested. The Shaw system has
developed from a split cordon with Christmas tree
trellis head to a single cordon with Swingarm trellis
head. Yields can be increased significantly with this
system as well as the trellis dried product being of
excellent quality.

• Minimal Pruning/Hedging to Long Spurs:
Minimal pruned vines are left almost unpruned, but
trimmed enough to keep fruit from hanging on the
ground. Pruning is carried out by hand or
mechanically by the use of a cutter bar. This system
reduces the cost of pruning significantly. However,
it is generally considered unsuitable for hand
picking for drying.

Whatever canopy management system is chosen it
is very important that it is suited to producing high
yields of quality fruit and complements other
aspects of the vineyard management program, such
as mechanisation, irrigation management, and frost,
pest and disease control.

Split cordon system.

Shaw Swingarm system.

Minimal pruned vines.
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Adequate vine nutrient status is essential for high
levels of productivity. Excessive nutrient supply
may pose management problems to growers and
low nutrient supply may limit production. Dried
grape producers are unlikely to gain financially
from excessive use of fertilisers, but are likely to
obtain a high return on money spent ensuring
adequate nutrient supply and correcting nutrient
imbalances.

Nutrient Removals, Deficiencies, Excesses and
Imbalances

The table below indicates that large amounts of
nutrients can be removed in the fruit each season,
and that removals are related to crop size.  Unless
replaced, the natural fertility of the soil will be
depleted and poor shoot growth, low productivity
and deficiency symptoms will become apparent.

High levels of fertilisers are often applied in the
belief vigorous vines will produce more fruit.  This
is not necessarily the case.  For the most part dried
grape growers need to be concerned with nitrogen
(N), phosphorus (P) and potassium (K) to vine roots
on at least an annual basis, and magnesium (Mg)
and zinc (Zn) to the foliage of vines on Ramsey
rootstock at least several times per growing season.
Other nutrients are also important but can be
addressed less regularly on a needs basis.

Nitrogen

High applications of nitrogen, particularly on
grafted vines, may lead to excessive vigour and
associated disease control problems, fruit shading,
and delayed fruit maturity.  On the other hand,
nitrogen deficient vines have low shoot vigour, pale
yellow leaves, and poor bud fruitfulness.  Timing of
supply is important because nitrogen is so readily
leached through the soil and uptake by vine roots
varies throughout the season.

Phosphorus

Relatively small amounts of phosphorus are
removed annually, and unless petiole analysis
indicates a deficiency, annual needs can easily be
met by a single application of 100 kg of single
strength superphosphate each season on non-drip
irrigated vineyards.  Timing of supply is not
critical.

Nutrit ion

Crop Size N P K Ca Mg S

Low(<5t/ha) 11 2 17 1 1 1

Average 25 3 35 2 2 2

High(>10t/ha) 70 9 97 5 4 5 Sultana bunches from a grapevine with adequate 
nitrogen (left in both photos above) and bunches 
from a nitrogen deficient grapevine.  Fruit set is 
reduced by nitrogen deficiency resulting in 
straggly, loose bunches.

Leaf blades from a grapevine with adequate 
nitrogen (left) and a nitrogen deficient vine (right).

Sultanas from deficient, adequate and high nitrogen 
vines shows that increasing nitrogen darkens fruit.
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Potassium

Sunraysia soils are naturally high in Potassium (K)
and large amounts of potassium are removed each
season. 
There may be little need to supply large amounts
unless regular annual petiole analysis indicates a
trend downward.  
Potassium fertilisers and sprays are often applied in
the belief that berry skins will be tougher and less
likely to split as result, but there is no evidence
berry skins are tougher or less likely to split after
potassium application.  Deficiency symptoms can
be related to poor water supply to roots and can
quickly disappear.

Calcium and magnesium

Calcium (Ca) is important for soil structure.
Deficiency symptoms on leaves have never been
seen in the field.  Slaking and collapse of soils
during an irrigation or rain are indicative of low
exchangeable Ca.  Calcium is found in gypsum, and
is an important part of single strength
superphosphate.  

Magnesium (Mg) deficiency is sometimes seen in
vines on Ramsey and is easily corrected by foliar
application of Epsom Salts (magnesium sulphate) at
a rate of 6 kg/1000L.

Micronutrients

Zinc (Zn) is the only micronutrient that needs
regular attention.  A Zn spray may be beneficial in
increasing fruit set in Gordos, Zantes and Carinas.
Iron (Fe) deficiency can occur in cold, wet soils in
spring, and manganese (Mn) deficiency can occur
later in the growing season.  Boron (B) toxicity is
more likely than B deficiency, and copper (Cu)
deficiency is unlikely because of the use of Cu
sprays.

Leaves from a grapevine with adequate potassium 
(left) and a severely potassium-deficient grapevine 
(right).

Three stages in the development of magnesium 
deficiency in Sultanas.

Grapevine leaf with adequate iron (left) and an 
iron deficient leaf (right).

Different stages of zinc deficiency in Ramsey.
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Other Considerations

• Young vines may require greater amounts of 
nutrients, particularly N, to establish quickly.

• Some nutrient deficiencies can be caused by 
applications of excessive amounts of other 
nutrients. For example, Zn deficiency can be 
induced by high applications of P fertilisers and 
high applications of K can reduce Mg uptake.

• Poor irrigation and drainage may also be the 
cause of nutrient imbalances.  Insufficient water
supply can be associated with K deficiency, and 
poor drainage in heavy soils can be associated 
with iron deficiency in spring when soil 
temperatures are low. 

• Poor quality water with high levels of chloride 
(Cl), sodium (Na) or B, can lead to 'salt burn' 
symptoms around the margins of leaves, 
particularly noticeable towards the end of the 
season and particularly when irrigation is 
inadequate.

• Nutrient imbalances can also be associated with 
particular rootstocks: vines on Ramsey are more
likely to show symptoms of Mg, Zn and Fe 
deficiencies than vines on their own-roots.

• Herbicide damage can be mistaken for a nutrient
deficiency.

Leaf symptons of boron toxicity. Leaf symptoms of salt toxicity.

Simazine damage Paraquat/Diquat damage Glyphosate damage Diuron damage
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Consideration should be given to altering
fertiliser and irrigation programs if vines:
• are cropping poorly
• show low or excessive vigour
• show obvious deficiency or toxicity symptoms
• annual petiole analyses indicate a general trend 

away from adequate nutrient levels

Soil

Soil nutrient levels (often also called exchangeable
and available) are related to vine nutrient status (as
indicated by petiole analysis).  The relationships are
difficult to describe because soils change frequently
often over small distances and it is therefore hard to
get a representative sample.  The following table
indicates adequate fertility of the top 30 cm for
vines on Ramsey. Nitrate in the soil is extremely
variable, both from one spot to another and in time.
A more reliable measure is petiole N.
Ceramic tubes are an inexpensive means of
sampling the soil solution to assess where nitrate is
located in the soil profile.  The porous ceramic tube
is about the size of a piece of chalk with one end
blocked and a length of small diameter plastic drip
micro tube sealed in the opposite end.

The samplers are placed among the feeder roots of
the vine or below the root zone to detect leaching.
The solution drawn from the sampler is applied to
inexpensive test strips (Merck) which change
colour in proportion to the nitrate concentration in
the water.

The colour is checked against a colour chart or read
by a hand-held instrument which can provide a
highly accurate concentration in parts per million
(mg/litre).  A nitrate reading greater than 100 parts
per million means valuable fertiliser is being lost.
If soil fertility is good then some nitrate in the
drainage water can be expected. 

By monitoring the nitrate concentrations and
comparing these with previously taken samples,
useful information is gained on which to assess
irrigation management and N fertiliser application.
Fertigation systems in particular can be monitored
with this system.

In addition to nitrate the method can also be used to
measure chloride and salinity, and other nutrients
such as sodium, potassium and phosphate.

Buried ceramic samplers within the rootzone.

Assessing Soi l  and Vine Nutrient  Status    

Nitrate-N 1.3-2.6 mg/kg

Olsen-P 10-15 mg/kg

Colwell P 16-24 mg/kg

exchangeable K 1 mq/kg

The syringe inserted in the micro tube draws the 
sample.

MORE INFORMATION
Details on how to install and operate the
sampler and test strips can be obtained

from  DPI Irymple.

Adequate Fertility
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Vine

At present, petiole sampling represents the most
objective method of assessing vine nutrient status.
Petioles from opposite basal bunches should be
sampled at flowering and analysed by an
independent analytical laboratory. The
concentrations can then be compared to standards
developed for the varieties and rootstocks used for
drying in the Sunraysia region.  
Annual assessment of vine nutrient status using the
appropriate standards will allow growers to modify
vineyard fertiliser programs to ensure vine nutrition
is not limiting yields and fertiliser is not being
wasted.  However, growers should not rely solely
on this method.  Shoot vigour, previous cropping
performance, irrigation and fertiliser management
and covercropping history should all be taken into
consideration.

Because of the importance of N supply in vine
productivity, a specific framework for interpreting
petiole %N and shoot vigour on T trellis cane
pruned vines appears below. 
Adequate vigour on Swingarm cordon trained vines
is indicated by internodes 7, 8 or 9 on non fruiting
shoots on the fruiting side of the canopy being 
70-85 mm in length.

Variety Root Adequate ranges for:
system % N % P % K

Sultana Own-roots 0.86-0.90 0.20-0.46 1.9-2.8

Ramsey 0.90-1.40 0.36-0.42 3.3-4.0

Zante Own-roots 0.86-1.35 0.24-0.40 2.2-3.5

Ramsey 0.83-1.17 0.45-0.59 3.7-4.6

Carina Own-roots 0.71-0.96 0.23-0.40 1.9-2.4

Ramsey 0.89-1.17 0.31-0.55 2.7-3.6

Gordo Own-roots 0.79-1.06 0.36-0.48 4.3-5.2
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Rate of supply

There are no hard and fast recommendations for
annual application rates of nutrients to vineyards.
As a starting point, just to replace removals, up to
approximately 70 kg N, 10 kg P and 100 kg of K
are needed per hectare.  This amounts to about 150
kg urea, 125 kg single strength super and 240 kg of
potassium sulphate per hectare.  

Timing of supply

The following table indicates when vine roots are
taking up the largest amounts of N, P and K.
Different shades of green for N refer to the relative
strength of uptake (dark green, strong – light green,
weak).

Choice of fertiliser

Fertiliser selection will be governed by the means
used to deliver the fertiliser.  Most fertilisers are
suitable for broadcasting, but not all are suitable for
fertigation.  This is particularly true for fertilisers
containing P.  
Ammonium nitrate and ammonium sulphate can be
associated with soil acidification in the longer term
if leaching occurs regularly.
Mono-ammonium phosphate (MAP) and di-
ammonium phosphate (DAP) can be used to get
large amounts of P quickly into the rootzone.

Nutrient concentrations (%) in the major fertilisers
Fertiliser N P K Ca Mg S CI
Urea 46 - - - - - -
Ammonium nitrate 34 - - - - - -
Ammonium sulphate (sulphate of ammonia) 21 - - - - 24 -
Mono-ammonium phosphate (MAP) 10-11 22-23 - - - - -
Di-ammonium phosphate (DAP) 18 20 - - - - -
Potassium nitrate 13 - 38 - - -
Calcium nitrate 15 - - - - -
Superphosphate - 8.6 - 22 - 11 -
Double strength superphosphate - 18 - - - 4.5 -
Triple strength superphosphate - 21 - - - 1.5 -
Potassium chloride (muriate of potash) - - 50 - - 48
Potassium sulphate (sulphate of potash) - - 42 - - 17 -
Mono-potassium phosphate - 23 29 - - - -
Di-potassium phosphate - 18 45 - - - -
Magnesium sulphate (Epson salts) - - - - 20 27 -
Dolomite - - - 22 13 - -
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Broadcasting

Nitrogen should be applied in split applications
after fruit set and following summer pruning or
harvest.  The post harvest application will also
benefit establishment and growth of cereal
covercrops.  

Nitrogen as urea is readily lost to the atmosphere if
not rinsed into the soil, and N as nitrate is readily
leached past the rootzone.  

Modifying normal vineyard procedures can reduce
the loss of nitrogen fertiliser from the grapevine
root zone in furrow irrigated vineyards. 

The fertiliser application involves:

• Cultivating the soil normally for furrow 
preparation.

• Laying down the fertiliser with a standard

fertiliser spreader so that the fertiliser covers the
band of soil that will be disturbed during furrow
making.

• Mix the fertiliser and move it to the sides by
preparing the furrows as normal.  This also helps
prevent losses to the atmosphere as the soil wets up.
Moving the fertiliser away from the furrow bed will
remove it from the area where the effect of leaching
is greatest. 

• Applying a light, even irrigation that only wets
the soil in the root zone. In this way any nitrogen
that is dissolved in the water will remain around the
roots and be available to the vines. The
primary/secondary flow irrigation method may best
achieve this (see the following irrigation section for
details).

Phosphorus and K can be applied with a covercrop
in autumn or in spring.

Left: Fertiliser broadcast in a wide band on the 
soil that will be disturbed during furrow making.

Furrow making incorporates fertiliser with soil, moving it to the sides of the furrow.

REMEMBER
The fertiliser will move through the soil toward the vine bank by seepage instead of being

leached into the drain.  This form of efficient irrigation needs to be maintained for as long as
possible so that readily leached nutrients remain in the root zone. There may be a build up of
harmful salts at the fringe of the wetted areas, which will need at least one leaching irrigation

per year to remove.  
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Fertigation

Injection systems allow soluble fertilisers to be
supplied through drip irrigation lines.  This is
termed “fertigation”, and the equipment makes it
possible to supply frequent, small applications of N,
P and K, but requires more expensive technical
grade fertilisers.  

Because of the smaller restricted rootzone with drip
irrigation systems, P may need to be supplied using
more soluble sources.  
Soil pH should also be monitored on an annual
basis and corrective action taken to avoid soil
acidification.  

The nominal recipe below may be used as a starting
point, and refined based on yields, shoot vigour and
petiole analysis.  

The amounts need to be divided up between the
irrigation events. Calcium nitrate is used to ensure
Ca levels in the rootzone are maintained.  

Low amounts of K are supplied because Sunraysia
soils are naturally high in K, but the amount of
potassium sulphate could be increased if visual
deficiency symptoms persist and/or petiole levels
are deficient or trending downward.  

Foliar sprays

There is no evidence to support the use of N, P or
K foliar sprays. But foliar sprays are the best
method of supplying micronutrients and Mg.  The
sulphate forms of Zn, Mn and Fe are effective, but
coverage is critical for success.  Zinc oxide is also
effective, but is not as readily commercially
available.

FERTIGATION TIP
Care must be taken to ensure that P and

Ca are not supplied in the same irrigation
event because insoluble precipitates may

form and block drippers. 

Additional sources of information

Dale, M and McClure, P.  (1998)  Control of nitrogen loss from irrigation.  
Australian Viticulture 2 (1), 40-45.

The Australian and New Zealand Field Guide to Diseases, Pests and Disorders of Grapes.  
Winetitles, Adelaide.  1999.  Magarey, P. et al. (Eds.)

Drip irrigation - a grapegrowers guide. 3rd Edition. NSW Agriculture, Orange. 2004.  
Giddings, J.  (Ed.)

Grape Production Series Number 2.  Soil, Irrigation and Nutrition Management.  
Winetitles, Adelaide.  2004.  Nicholas, P.R. (Ed.)

Fertiliser Budburst Onset of End of Veraison Harvest Total

to onset flowering berry set to to leaf per

of to berry to Harvest fall season

flowering set veraison

kg/hectare

Urea 14 19 50 14 42 139

Calcium nitrate 5 10 5 5 5 30

Mono-potassium

phosphate 9 17 9 0 4 39

Potassium sulphate 0 0 6 0 6 12
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For the long term productive future of the dried
grape industry, correct soil management is a high
priority. Sunraysia and Riverland soil types are
usually sandy, alkaline, low in organic matter and
do not have a well developed soil structure.

One of the major causes of soil structural decline is
excessive cultivation. This can lead to reduced
organic matter levels and soil compaction.
Cultivation can also raise dust containing fungal
spores responsible for producing Ochratoxin A.
This practice is not recommended if the risk of OA
contamination is to be minimised. Once a soil loses
its organic matter, the nutrient and water holding
ability is significantly reduced. Soil compaction is
also important as it will lower water infiltration,
increase runoff and erosion, and can affect vine root
growth.

The first two practices in the box (at right) are used
to maintain good structure while the last two are
used to improve soil structure.

In dried grape vineyards, green manure
covercropping during autumn and winter is a
popular form of soil management. Excessive
cultivation after the covercrop is turned in can
reduce the organic matter and nutrient benefits from
the green manure. 

Minimising Soil Compaction and Soil Structural
Damage

To minimise soil compaction and soil structural
decline growers should:

• Avoid cultivating soil that is too wet or too dry.

• Cultivate after irrigation or rainfall when a good
weed kill can be achieved.

• Use herbicides for inter-row weed control.

• Minimise the use of rotary hoes and disc
ploughs as they do the most damage to soil
structure.

• Keep heavy machinery off newly cultivated or
wet soil.

• Grow covercrops to maintain or raise the
organic matter content of the soil.

Soil  Management in Grapevines

Covercrops provide organic matter and nutrients.

HINT
There are four ways of improving and

maintaining soil structure in dried grape
producing districts:

• Reducing cultivation and interrow 
traffic 

• Selective cultivation
• Conserving and increasing the organic 

matter content
• Adding chemical amendments, such as 

gypsum

COVERCROP RESEARCH
At the Dareton Agricultural Research and
Advisory Station a structurally poor sandy

loam soil type was continually cover
cropped with legumes (medics) over four
years. The organic matter content in the
top 10 cm was 0.5% in 1989 and 1.0% in
1993. This small increase occurred under
minimum tillage conditions and reinforces
the long term nature of trying to improve

soil physical characteristics.
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Soil Management in Grapevines cont...

The benefits of covercrops are:

• The addition of organic residues to the soil can
help bind soil particles and increase biological
activity such as worms and micro-organisms in the
top soil. 

• Root systems of covercrop plants can open up
the soil, increase water infiltration rates and act as
channels if left intact. 

• Covercrops can reduce erosion by slowing the
movement of water and protecting the surface from
rain drop action and wind. 

• Reduced dust levels in the vineyard. 

• Provision of homesites for beneficial insects
such as lady birds, lacewings, predatory mites.

• Cooler vineyards because of lower soil surface
temperatures, less reflected light and higher relative
humidity.

• Improved vineyard access, especially during wet
conditions. This is particularly important during
outbreaks of disease such as downy mildew. Tractor
and spray cart access is essential for the timely
application of sprays for disease control.

The disadvantages of covercrops are:

• Competition with vines for moisture and
nutrients.

• A buildup of undesirable weeds, such as three
cornered jack.
• An increased risk of frost. 

• An increased risk of snails.

• May provide homesites for pests such as light
brown apple moth and disease carrying insects. 

The two types of covercropping management
systems are Green Manure and Permanent Sods:

Green Manure: 
Refers to the sowing of a specific species or mix of
species in autumn and the incorporation into the
soil of the covercrop in late winter or early spring.
Cereals and legumes are the main green manure
covercrop types used in vineyards. Cereals include
oats, barley, and rye. Cereals are generally easy to
establish, produce good 'bulk' and their height can
shade out weeds. Legumes include faba (tick) bean,
field pea, medics/clovers, lupins and vetches.
Legumes have the advantage of fixing atmospheric
nitrogen in nodules on their root systems. After the
legumes die or are worked in, this nitrogen is
released into the soil and a proportion of it can
become available to the vine. 

For a covercrop to successfully compete with
weeds it must be dense. Early, vigorous growth is
essential so the covercrop can successfully compete
with weeds for light, moisture and nutrition. 

Covercrops provide homesites for ladybirds and 
other beneficial insects.

A range of medics can be used as a legume 
covercrop.
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Minimising Soil Compaction and Soil Structural
Damage cont...

The following table summarises the sowing rates
and fertiliser use for covercrops, generally
higher than the recommended standard rates.

Permanent Sods: 
These can be natural stands of grasses and broad-
leaved weeds or planted sods consisting of
perennial grasses clovers or annual medics.
Permanent sods are maintained by mechanical or
chemical mowing.

• The adoption of permanent sod culture in dried
fruit vineyards is low mainly because of:

• The potential for contamination of dried grapes 
with weed seeds and snails.

• The difficulties of maintaining a permanent
inter-row system under furrow irrigation.

• The need for specific equipment such as a
mulching mower.

• The effort involved in managing a permanent
sod culture system.

A legume covercrop slashed before budburst.

Mechanical or chemical mowing is used to 
maintain covercrops based on a permanent sod 
system.

HINT
The choice of covercropping species and

soil management system will depend on the
condition of the vineyard and work

practices. The existing vineyard soils need
to be maintained because once they become
degraded, it is very difficult to restore their

productive capacity.

Covercrop Sowing Rate  Inoculum Type Fertiliser Rate Per Sown Hectare
kg/ha

Oats 60-100. - A dual purpose fertiliser (2:2:1) at a rate of 200-
Rye 60-100. - 300 kg/ha, or DAP at 100-150 kg/ha. 
Barley 60-100. -
Faba Bean 100-140. E Superphosphate at a rate of 250-300 kg/ha when 
Field Pea 100-140. E establishing a legume covercrop. If the soil has
Lupin 80-100. G had a recent application of Potassium or levels 
Vetch 25-35. E are high reduce to 150-200 kg/ha of super. A light
Medic 10-15. AM application of Nitrogen 10 kg/ha of actual nitrogen 

(22 kg/N urea) will help crop establishment in sandy 
soils.
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Irrigation is responsible for the successful
establishment of the dried grape industry in regions
of Australia where natural rainfall meets only a
small fraction of a grapevine’s water requirement.
Water is often said to be Australia’s most scarce
resource and its wise use is both an economic
necessity and a social obligation. The efficient
provision of water is crucial to the viability of
horticultural industries in pumped districts, as water
is a significant input cost. Many overseas producers
enjoy a significant cost advantage compared to
Australian irrigators because their water distribution
networks are gravity fed from mountain storages
rather than pumped. The focus of researchers on
yield obtained per megalitre of water used appears
timely, given the increases in water costs to
producers and increasing alternative demands for
water.

Problems Caused by Incorrect Irrigation

Mistakes in irrigation management can reduce both
the quantity and quality of dried grapes produced
by vines.

The harmful effects of insufficient irrigation are:

• Reduced fruit set and increased berry drop
during spring.

• Reduced berry size.

• Increased amount of light weight berries.

• Darkened background colour of dried Sultanas
and increased number of dark coloured berries.

• Increased colour deterioration of Sultanas
during storage after processing.

• Induced salt and boron toxicity (both reduce the
capacity of leaves to synthesise sugars and thereby
slow down the maturation of berries).

• Induced potassium and magnesium deficiency
(Potassium deficiency could also affect the
maturation of berries).

• Induced iron deficiency.

However, the harmful effects of excessive
irrigation are:

• Induced iron deficiency.

• Fertiliser losses due to nutrient leaching from
the root zone.

• Rising watertables resulting potentially in
higher salinity in the rootzone.

Irrigation
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Irrigation cont...

The following section is heavily based on the
Irrigation Management Course delivered by the
Departments of Primary Industries in Victoria and
New South Wales and the South Australian River
Care course. 

Knowing your soils

Soils, from a vertical point of view, often look like
a layered cake. The topsoil is usually the most
fertile part of the soil profile with plant roots
occurring throughout the topsoil. Soils (depending
on where they are located) may consist of several
bands of topsoil with varying characteristics, and
can often be identified by the variation in colour
and /or texture.
Within the Mallee a carbonate layer (also known
locally as the lime layer) can often be found
underneath the topsoil. The carbonate layer can
restrict root growth, however some crops such as
vines can partially penetrate the carbonate layer.
Soil surveys will define layers of soil, the type of
carbonate layer and therefore help to determine the
depth of the plant's rootzone. 

Management practices

The type of irrigation system used can affect
management practices.  Summer cover crops or sod
culture obstruct the flow of water in flood/furrow
systems, where cultivation is also necessary.
Furrow irrigation also restricts access with tractors
and big machinery while irrigating and for some
time afterwards, particularly if the soil is heavy.
Drip systems, watering only the rootzone of crops,
restrict weed growth but at the same time make it
hard to grow cover crop. Changing from a full
cover system to a drip system also requires extra
care to avoid stress in the first couple of years, as
the plant adapts to the restricted root area that is

now wetted with a dripper system. Overhead and
permanent low level systems with sprinklers within
the vine row allow good access and easy cover
cropping.
Crops growing in low-lying areas are particularly
prone to frost damage. Overhead systems are best at
minimising frost damage, when used appropriately,
compared to other systems.  Water on the leaves of
a plant during the danger time reduces the rate of
temperature drop, and may prevent the plant tissues
from freezing – and therefore being damaged.  (See
Frost Control information in “Producing Quality
Fresh Grapes”)
Fungal diseases, especially downy mildew, will
spread more quickly when conditions are humid.
Wetting foliage will increase the likelihood of this
occurring. Crops susceptible to these diseases are
therefore better irrigated using low level or drip
irrigation.

Soil type

Furrow or flood systems are not very well suited to
sandy soils due to the high infiltration rates and
large flows needed to overcome this. These systems
are also not suited to shallow impermeable layers as
rising water-tables will occur more readily than
with other systems.
Unless large numbers of drippers are used on sandy
soils the volume of soil wetted may not be enough
for the crops needs (which may be uneconomic).
Soil types need to be taken into account when
having an irrigation system design drawn up. Often
there are substantial changes in the readily available
figures that occur over a property, and these need to
be examined, and shifts designed to allow for these
soil changes. Also, infiltration and permeability
rates will influence selection of correct emitter or
nozzle size.

KEY POINT
The depth of the rootzone and the depth of

each layer of soil are very important for
determining the soil's capacity for holding
moisture. Knowing the different soil water
holding capacities and soil textures of each

property can then be used to design
irrigation systems and provide basic

scheduling information. 

IMPORTANT
Any irrigation system that wets vine leaves
and fruit has the inherent problem of not

being able to be used after vines have been
cut (or wet) for summer pruning.  While

the demand for water is reduced due to the
removal of a large part of the canopy, the
vine is still using water, and may undergo
stress during the drying period prior to

harvesting.
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Furrows

Furrow irrigation is the oldest form of irrigation in
Australia. There are two types of furrows in use –
narrow ‘V’ furrows or broad based. Normally there
are three V furrows, but two when broad- based
furrows are used in vines. V furrows are suited to
situations where there is sandy soil, cross slopes,
shorter runs, and steeper slopes. Broad furrows are
suited to longer runs, heavier soils, and require
larger flows in the furrow. 

The length of the furrow should be related to slope
and soil type. Generally, the finer the soil texture
the longer the furrow can be and the shallower the
slope should be. The soil type determines the
infiltration rate and ideally should be the same for
the entire row. Standard guidelines for the design of
furrows are shown in the table on the next page.

Continuous Flow: This method involves water
being supplied to furrows at a constant flow and is
the simplest way to manage water. However, it has
the drawback of excessively watering the top of the
row and the bottom if ponding is used to prevent
runoff. It is also common for insufficient watering
to occur two thirds of the way down the row. The
variable nature of the soils will require the flow
rates to some furrows to be slowed or increased so
that the rows finish together.

Cutback or Primary-Secondary Flow: This
method requires a little more management at the
start of watering but can give a more even watering.
A large primary flow is used to wet the whole
furrow quickly and is followed by a cutback
secondary flow during the soakage phase.
Check banks are useful to help retain the soakage

flow in the furrow. Check lifting the furrowing
shovels up and down at intervals along the row
easily makes banks. The check banks should not be
too substantial or the water will break away into
adjoining furrows rather than through the bank.  
Furrow irrigation on sloping sites and with variable
soils often leads to a difficulty known as the two
third problem, which can reduce yields. Often vines
in the two third area of the furrow receive
inadequate watering. Check banks can be used to
increase the infiltration of water into the soil in this
area of the furrow. 

The cutback method of irrigating can also be used
to improve water distribution. This method involves
starting each furrow irrigation at a high primary
flow rate until water reaches the bottom end of the
furrow after which the flow rate is reduced for the
remainder of the irrigation. Generally the amount of
water applied is increased to ensure the vines in the
two third area are adequately watered. 

Some growers believe alternate row irrigation,
particularly in spring, is the answer to increasing
the efficiency of furrow irrigation. Instead of
watering every row, only every second row is
watered. With each irrigation, the rows are
alternated so that the row left dry last time is
watered this time. This method of irrigating needs
to start with the first irrigation, requiring more
scheduling sites, with a need to irrigate more
frequently before harvest. There has been very little
formal research done locally on this approach to
furrow irrigation, however a number of local
growers have used the method successfully for
many years.

Applicat ion Methods
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Furrow Irrigation cont...

Alternate row irrigation may have a place with
furrow irrigation to:

• Reduce drainage by choosing non drain rows for
the first irrigation in the season.

• Reduce water logging.

• Increase soil aeration. 

• Reduce extreme dryness or saturation.

• Make better use of rainfall.

• Allow better access to vineyard for improved
management program.

• Reduce time spent for each irrigation, although
more frequent.

• Prevent water stress in summer pruned dried
grapes.

• Good water distribution along the row is
essential.

Furrow Irrigation - Using a Water Meter
Meter reading at the start of irrigation (Ml) = 204 Ml
Meter reading at the end of irrigation (Ml) = 208.8 Ml
Area irrigated (ha) = 10 Hectares
Volume applied = Meter reading at finish – Meter reading at start
Volume applied = 208.8 – 204 = 4.8 Megalitres

FURROW IRRIGATION

Advantages: 
• Low set up costs.
• No power costs.  
• Water cleanliness not an issue.  
• No foliage wetting. 
• Vines can be watered when they have been wet 

or cut for summer pruning.  
• Less chance of disease due to lower humidities 

compared to sprinklers .

Disadvantages: 
• Highly labor intensive. 
• Fuel & tractor costs high. 
• Access can be limited.  
• Efficiency of irrigation can be low (40-60%). 
• Water distribution uniformity along row 

difficult. 
• Slopes and uneven grades create poor control 

of irrigation depth.  
• Unsuitable for sandier soils (infiltration rate 

too high). 
• Cultivation to maintain furrows causes loss of 

soil structure and soil compaction. 
• Deep or uneven irrigations can lead to 

drainage problems.  
• Not well suited for fertiliser and herbicide

application. 
• Cover crop choice is limited. 
• No frost control.
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Pressurised irrigation systems 

Irrigation systems such as drip, overheads and
undervine sprinklers are generally much easier to
manage, particularly on difficult sites. 
The design of pressurised systems is critical to
efficient operation and should be carefully planned.
Pressurised systems need to be checked regularly to
ensure they are working satisfactorily. 

Overhead Sprays

Overhead sprinklers are widely used in most
irrigated areas and consist of medium to large
impact sprinklers, which are mounted on permanent
risers on an overlapping triangular grid pattern and
connected to underground supply lines. As the aim
is to wet the whole area, the sprinkler distribution
depends on layout, water pressure, jet size and
average wind conditions when irrigating.

OVERHEAD SPRAYS

Advantages:  
• Allows better control of depth of water 

application than furrows.
• Uses less water than furrows. 
• Better, more even coverage on undulating 

ground when compared to furrows. 
• Irrigations can be matched to the crop 

requirements.  
• Best system for frost control.  
• Incorporation of fertilisers and herbicides is 

better than in a furrow system due to a better 
water coverage of the soil. 

• Easier to check than low levels and drippers. 
• Can be automated.  
• Suitable for fertigation.  
• Can wash juice off leaves.  
• Low maintenance and labour costs, as these 

large sprinklers do not often block and are easy 
to check. 

Disadvantages: 
• High pumping costs due to high operating 

pressures. 
• High cost of installation. 
• Due to pipe work being underground 

flexibility of system limited. 
• Hot, windy conditions lead to high 

evaporation losses. 
• Wetting patterns are distorted by wind. 
• Wetting of foliage with saline water can be 

problematic due to salt uptake through the 
leaves.

• Disease infection can be greater, particularly if
operated on warm humid nights. 

• Canopy umbrella means less soil wetting. 
• System inefficiency can have

a wide effect.
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Low Level Sprinklers and Microjets

Low level permanent sprinklers are similar to
overhead systems, but sprinklers are smaller, spaced
closer together and operate at lower pressure (150-
250kPa). Microjets run at pressures of 50-150 kPa
and discharge 200L/h. Filtration is critical as the
nozzle size is quite small. To achieve high
uniformity correct spacing is essential.

LOW LEVEL SPRINKLERS AND MICROJETS 

Advantages:  
• Lower pumping costs than overhead systems.  
• Good control of depth of applied water. 
• Wind effects minimised.  
• Can be used for frost control.  
• Suitable for fertigation.  
• Allows irrigation of cover crops.  
• Can be used in undulating areas.

Disadvantages: 
• Installation costs higher than for overhead 

systems.  
• Every sprinkler needs to be checked at each 

irrigation.  
• High labour and maintenance costs.  
• Sprinklers are prone to physical damage.  
• Weed control and topping of hanging foliage 

essential to prevent interference with sprays. 
• Sprinklers must be vertical.  
• Finer filtration required.  
• UV damage.

Undervine sprinkler.

Microjets. Hydraulic diaphragm valves can be used to 
automate irrigation systems.
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Drip Irrigation

Drip irrigation applies water to the rootzone of the
vine via plastic tubing, either with inline or button
drippers. Inline drippers are either pressure
compensated or non–pressure compensated. 

Options for dripper type, output, spacing and
filtration need to be carefully evaluated. In sandy
soils more drippers are needed to wet an adequate
volume of soil compared to a heavier clay soil, due
to a narrower wetting pattern in sandy soils than in
clay soils. Good filtration is vital due to the small
size of the outlets. Clogging due to precipitation of
chemicals or organic matter (algae and bacteria)
can easily occur, however most drippers these days
are designed to be self cleaning. 

System maintenance should include annual flushing
of the system with chlorine to avoid clogging
problems. Drip systems should be flushed regularly
to ensure that sediment or algae do not build up and
block drippers.  This should be done at least three
times during the season.  In some areas where water
is of very poor quality flushing may need to be
more frequent. 

Fertigation or fertiliser injection can be an effective
way of applying fertiliser. As it is being applied to
the rootzone alone, little fertiliser is wasted and can
be applied more regularly compared to broadcasting
fertiliser. This is especially beneficial to young
vines, which require small amounts of fertiliser
regularly.

DRIP IRRIGATION

Advantages: 
• Installation and pumping costs lower than with 

other systems.  
• Water distribution to rootzone uniform. 
• Highest water use efficiency of all above 

ground systems.  
• Weed growth reduced as less soil is wetted.  
• Foliage is not wetted.  
• Suitable for fertigation.
• Potential for precise control of vine stress.
• Pressure compensated drip suitable for 

undulating areas. 
• Compaction of soils and access by heavy 

machinery less problematic due to less soil 
being wetted supply of water needed.

Disadvantages: 
• Small openings prone to blockage. 
• Cover crops difficult to establish. 
• Need for drippers to be close together in soils 

with poor lateral spread.  
• No frost control.  
• Can cause water logging in heavy, poorly 

structured soils.  
• Constant. 
• Precise management and frequent use needed 

May require automation.  
• On sandy soil it may not be possible to wet a 

sufficient volume of soil.  
• Fertigation only way of fertilising (i.e. not 

Superphosphate as it is not soluble enough).  
• Filter and maintenance level high.  
• Higher standard of filtration required.  
• Higher volume of back flush water required.

Drip irrigation systems need to be flushed 
regularly to ensure sediment and algae does not 
block drippers.
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Subsurface Drip

Subsurface drippers discharge as low as 1litre per
hour through a pressurised system similar to normal
drip. The drip line is buried about 30-60 cm deep,
depending on the soil type, structure and rooting
depth. Due to root intrusion and pinching by the
crop roots, tube wall thickness needs to be

considered, as does the location of the tube. Dripper
output needs to be carefully matched to the
infiltration rate of the soil in order to achieve the
desired lateral spread (which can be increased by
pulsing the irrigation). Subsurface drippers can re-
use effluent as the nutrients and bacteria applied are
not exposed to the open air. 

SUBSURFACE DRIP

Calculating the Application Rate

Advantages: 
• See drip irrigation.  
• Evaporative losses are minimal. 

Disadvantages:
• See drip irrigation.  
• Blockages can not be detected Water. 

‘chimneying’ to soil surface may occur  
• Back siphoning of soil particles into the 

emitter due to inadequate system design.

Application rate is the depth of water that a pressurised system applies to the soil surface
in one hour.

Application Rate (mm)   = Discharge from Sprinklers (l/hr)
Sprinkler spacing (m) x Row spacing (m)

For example: sprinkler discharge = 189.6 l/hr
sprinkler spacing = 7.3 m
row spacing = 5.5 m

Application Rate (mm) = 189.6
7.3 x 5.5

The average irrigation depth is found by multiplying the Application Rate by the number
of hours of the shift.
Average Depth of water applied = Application rate x Time (hrs)
In the example above for a 10 hour shift the depth of water applied = 4.7 x 10 = 47 mm

Calculating the Application Rate for Drippers

Application Rate (mm)   = Dripper Rate(l/hr)
Dripper spacing (m) x Width of wetted zone (m)

For example: dripper rate = 4 l/hr
dripper spacing = 1 m
width of wetted zone = 1.1 m

Application Rate (mm) = 4
1 x 1.1

=4.7mm/hr

Application Rates
Overhead sprays 5 – 8 mm per hour
Low level sprays 3 – 5 mm per hour
Drip systems 1 – 3 mm per hour

=3.6mm/hr

WARNING: This calculation works out only the theoretical average application.  Never assume you system
delivers water evenly (even if it’s brand new).  System performance should be checked regularly using catch-
cans to allow you to work out the real application rate.
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Leaching fraction

Due to irrigation water containing quantities of salt
and the existing salt load of the soil profile,
accumulation of salt in the rootzone needs to be
avoided. Continually applying irrigation water, with
little of this moving below the rootzone, leads to
salt accumulating in the rootzone. Build up may
reach harmful levels, and plants will show salt
symptoms. To prevent salt accumulation leaching
fractions should be applied as needed. Leaching
fractions consist of a water application of
approximately 10 percent over and above the
required irrigation at that time. Monitoring drainage
EC levels, soil salinity and petiole or leaf analysis
will determine if frequency of leaching irrigations
are sufficient. Using soil moisture monitoring
systems, irrigations can be scheduled to meet crops’
water needs.

The aim of irrigation scheduling is to keep soil
moisture within a desired range, usually between
field capacity and a predetermined refill point.
Using soil moisture monitoring systems, irrigations
can be scheduled or timed to meet crop water
needs.

How much and how quickly plants use water
depends on the plant and the environment in which
it is growing. Plants with large leaf areas tend to
lose more water than those with small leaf areas.
Cacti for example can survive in low rainfall areas
since, among other things, their leaves have
evolved into spines, reducing the leaf area and
therefore reducing the loss of water from the plant.
Vines use less water during the spring period than
during the height of summer when they have a full
canopy of leaves (ie. large leaf area) and the
temperatures are higher. 

During the summer period vines might use about 50
litres of water per day depending on a range of
factors. Using evaporation figures and crop factor
the daily crop water use can be calculated. Crop
factor is an approximation of the percentage of
water used by the crop when compared to
evaporation reading from a free water surface (like
a Class A Evaporation Pan). Many factors effect the
crop transpiration rate eg. variety, rootstock, canopy

size, state of growth, temperature, wind speed and
humidity. The crop factor will also vary throughout
the growing season and from region to region.
Some crop co-efficients are listed in the tables
below and evaporation figures can be found in the
local daily paper, on the websites of the local Water
Authorities or by contacting DPI for a weekly
email. 

Calculating the leaching fraction
Assuming an average of 60 mm/m of Water
Holding Capacity in the topsoil and a topsoil
depth of 80 cm, then the amount of water to
replace before plant stress occurs is:
RAW = 60 mm/m x 80 cm = 48mm
Leaching fraction = 10% of 48 mm =4.8 mm.
Added to the irrigation amount required
= 48 mm +4.8 mm = 52.8 mm
(This would end up as 53mm irrigation for
practical purposes).
Thus the figure of 52.8 mm represents the amount
needed to leach some of the accumulated salts out
of the soil profile.
The amount of water needed for a leaching
irrigation on 10 ha is calculated as follows:
Volume (l) = depth (mm) x Area (ha) x 10,000

= 55 x 10 x 10,000
= 5,500,000 litres
= 5.5 megalitres

Irrigation Scheduling

TIP
Long term average daily evaporation data
can be accessed for most areas in Australia
from the Bureau of Meteorology website.

Bureau of Meteorology:
www.bom.gov.au/climate/averages

Lower Murray Water :
www.lmw.vic.gov.au

First Mildura Irrigation Trust:
www.fmit.com.au

Western Murray Irrigation:
www.westernmurray.com.au
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Irrigation Scheduling cont...

Tensiometers

A tensiometer measures the suction that the soil
matrix exerts on water. It consists of an airtight,
water-filled tube with a porous ceramic pot at one
end and often a vacuum gauge at the other end. The
gauge type and the meter-read type tensiometers 

both measure soil water tension. As the soil dries,
moisture is drawn out of the tube through the
ceramic tip creating suction inside the tube. The
suction is read directly on the gauge type or by
using a hand held meter for the meter-read type.

Calculating crop water use:
Daily crop water use (mm) = crop coefficient (CF) x evaporation (mm)

Tensiometers are placed close to the vine at varying depths. A test well will indicate the level of the 
water table.

Monthly Crop Co-efficients for Sunraysia (calculated 1999 season)
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Tensiometers cont...

Tensiometers are usually installed in stations
consisting of 2-3 tensiometers at different depths.
They operate accurately in a range of suctions from
0-70 kPa. Tensiometers need to be read just prior to
irrigation, within 24 hours of irrigation being
completed and then several times before the next
irrigation. Readings should be taken about the same
time each day, best around 9am to achieve
consistency. A gauge or portable meter, with or
without a computer can read them. 

Installation:
Drill holes using a 50mm auger for sand or gravel
soils and 25mm auger for clay soils. Place the
tensiometer in the hole and pack fine soil or silica
slurry around the tip to get good contact. Backfill
the hole, mounding it slightly at the surface to stop
flow of surface water down the hole. 

Gypsum or Resistance Blocks

Soil water is a good conductor of electricity – thus
the more water present in the soil the better it will
conduct and the lower the resistance to electricity
passing through it. Gypsum blocks  (for example
GB Lite/Heavy®, Watermark®) consist of two
electrodes embedded in a block of gypsum.
Gypsum blocks measure the resistance to electricity
passing through it with a meter. Readings can be
automated by attaching a data logger. To convert
readings to soil suction a calibration equation is 
applied. The blocks are installed in stations at 

different depths within the rootzone and operate
between 30 and 1000 kPa.

Installation:
Dig a hole with a 50mm auger, either straight down
or at a 45-degree angle in order to stop preferential
flow. Place block at the bottom of the hole and
backfill with either soil or silica slurry.  Ensure soil
is replaced in the same order it was removed.
Ensure slurry is firmly packed around the block and
then backfill with soil. Silica slurry is useful if
blocks need to be installed at depth as it ensures
good contact between block and soil.

Install two or three tensiometers in stations at 
different depths.

TENSIOMETERS

Advantages: 
• Simple operation.  
• No calibration needed. 
• Easily read.  
• Soil suction directly measured.  
• Indicate effectiveness of leaching irrigations in 

light-textured soils.

Disadvantages: 
• Regular maintenance is essential.  
• Best in sand-loam soils.  
• Amount of water in soil not measured. 
• Frost prone. 
• Obstruction for undervine machinery.

GYPSUM OR RESISTANCE BLOCKS

Advantages: 
• Quick and easy to read. 
• Minimal maintenance. 
• Effective up to wilting point (depending on soil

type). 
• Can be placed in drier top part of the soil. 
• Can be automated and used with/without a 

computer.

Disadvantages: 
• Some types tend to be inaccurate at the “wet 

end”.
• Calibration varies slightly between blocks. 
• Life span of 1-8 years, depending on soil pH, 

the amount of rainfall & irrigation and type of
gypsum block. As they dissolve their 
calibration properties change. 

• In sandy soils blocks can dry out rapidly. 
• Contact with soil critical. 
• Affected by temperature and salinity.
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Manual Capacitance Sensors 

The manual logging system based on the
capacitance probe (for example Gopher®, Diviner
2000®) is based on the transmission of an electric
force through or across a medium without
conduction i.e. dielectric (the dielectric constant of
water is about 80, for a dry soil less than 5 and for
air 1).  Capacitance probes measure the variation in
dielectric constant in the soil by passing a high
frequency current through the soil and noting the
changes in frequency. A site consists of
permanently located PVC access tubes into which
sensors are placed. They measure over a saucer
shaped volume. Manual Capacitance Probes are
lowered into PVC access tubes located within the
rootzone. The sensor detects soil moisture content
and the data is recorded on the portable logger. The
data can be viewed directly from the logger in the
field or down loaded to a computer and viewed as
graphs. The probe has centimeter markings to
determine what depth the readings have been taken.
Usually readings are taken every 10cm through the
soil profile.

Installation: 
Capacitance probes need to be installed by a
supplier or as the supplier suggests.

Automatic Capacitance Sensors 

Automated capacitance probes (for example
Enviroscan®, C-Probe®) continuously measure and
log the variation in dielectric constant in the soil by
passing a high frequency current through the soil
and noting the changes in frequency. A site consists
of permanently located PVC access tubes into
which sensors are placed.

They measure over a saucer shaped volume.

The probe is inserted into a PVC Access Tube
located within the rootzone. Each sensor measures
soil moisture content at set depths and records it
periodically to a logger. Software is then used to
translate the data into a graph that can be used to
schedule irrigations. The sensors send high
frequency pulses into the soil and evaluate the
difference between the soil-air-water mixture.

Installation: 
Capacitance probes need to be installed by a
supplier or as the supplier suggests.

MANUAL CAPACITANCE SENSORS

Advantages:
• Accurate.  
• Automatic readings.  
• Suitable for a wide range of soil types.  
• Can be read manually with or without a 

computer. 
• Multiple sites with one probe.

Disadvantages:  
• On some soil types calibration needed. 
• May be affected by temperature.

CAPACITANCE PROBES

Advantages:
• Accurate.  
• Automatic readings.  
• Suitable for a wide range of soil types.  
• Can give continuous data.

Disadvantages:  
• Calibration on some soil types needed.  
• In situ probes. 
• Computer access needed for EnviroSCAN®.
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Neutron Probe

The neutron probe makes use of radioactive
particles called neutrons. When neutrons collide
with hydrogen they are slowed down to such an
extent that they can be counted. The amount of
hydrogen in the soil can then be determined, and
therefore the amount of water calculated, as most of
the hydrogen in the soil is found as water. The
neutron probe releases fast neutrons into the soil.
These fast neutrons are slowed down when they
collide with hydrogen atoms in water molecules. At
the base of the probe is a detector that measures
slow neutrons. The higher the reading, the more
water molecules are present in the soil. A licence is
required to operate a neutron probe and a radiation
exposure tag must be worn at all times when
handling, operating and transporting.  A neutron
probe consists of a radioactive source, a counter
(detector tube) and a data-logger. A probe site
commonly comprises three aluminum access tubes.
The source and counter is lowered down each tube
and a reading taken over a spherical volume. By
application of a calibration equation (unique to each
soil texture) the counts are converted to soil water

content. Measurements made with the neutron
probe are considered to be the industry benchmark. 

Installation:
The supplier of the service should install the
neutron probe access tubes.

More information about soil-based monitoring
equipment can be found on the following websites:
www.npird.gov.au/projects/finalrep_pdf/index.html
(irrigation insights No.1 – Soil Water Monitoring)
to access a copy of “Soil Water Monitoring” by
Phillip Charlesworth, CSIRO Land and Water.
www.cprl.ars.usda.gov/programs/swcs_irr/swcs_irr.htm
www.sowacs.com/

Further training
Specialised irrigation courses are conducted
regularly by DPI Victoria and New South Wales
and Sunraysia and Riverina Institutes of TAFE.
The courses include irrigation scheduling, soil
moisture monitoring, drip irrigation, fertigation and
irrigation pump efficiency and maintenance.

NEUTRON PROBE

Advantages:  
• Accurate repeatable measures.  
• One unit can service many sites.  
• Multiple depth readings.  
• Accurate over a wide range of soil water 

contents.  
• Rapid interpretation of data via computer 

program.

Disadvantages:
• In some states only suitably licensed persons 

can operate the probe and regulations govern 
its storage and transport.  

• Requires calibration on some soil types.  
• High purchase cost. 
• Demanding of time. 
• Disposal.
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The main diseases of grapes grown for drying are
downy mildew, powdery mildew, black spot and
bunch rots. Other diseases such as phomopsis cane
and leaf spot have become more widespread in
recent years and warrant control programs where
they occur.

Most diseases spread readily in favourable
conditions and their potential to cause crop loss
fluctuates from season to season and according to
susceptible stages of vine growth. Fruit damaged by
disease is also susceptible to other mould
development, some of which are capable of
producing Ochratoxin A, which, when consumed in
significant quantities, impacts on human health.
Unfortunately there are no natural biological
control agents that have sufficient impact on
disease development to be of economic benefit to
growers.

Most dried grape growers spray fungicides for
disease control each season. Sprays are applied on a
routine basis according to: the calendar date; vine
growth stage; or strategically according to observed
or predicted disease activity. With the latter,
vineyard monitoring is an important indicator of 

disease occurrence. Generally spray programs are
most efficient when fully aligned with seasonal
variations in disease incidence and periods of
potential loss of crop and fruit quality.  

Vine cultural techniques that discourage disease
should be adopted where possible. Open canopies,
advanced irrigation systems, rain tolerant and
disease resistant varieties are a few factors that
need to be considered in placing disease control
within a total grape production system.  The
following table provides a guide for when to
monitor for common diseases and pests. (The
appropriate times for the use of control sprays
may vary from these monitoring times.)

Disease Control

HINT
Growers should consult the ADFA Spray

Diary or other sources of information such
as the vine pest and disease control chart

(DPI Victoria) for details of currently
registered fungicides for use in disease

control programs.
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Downy Mildew

All dried grape varieties are susceptible to downy
mildew. The potential to cause crop loss is highest
in seasons when above average rainfall occurs in
the period from when vine shoots have 6 to 8
expanded leaves (shoots 20 to 30 cm) until when
berries are pea-size, but especially when severe
infection occurs near flowering.
Primary infection occurs when at least 10 mm of
rain falls and temperatures are at least 10°C for 24
hours (the 10:10:24 rule). In the first 16 hours,
rainfall or irrigation is required to wet the soil.  In
the next eight hours, rain is needed to splash spores
from soil onto the vine foliage and wet leaves for at
least two hours. First signs of the disease are oily,
yellow spots (oilspots) on leaves. Later, white
downy growth develops on the lower surface of
oilspots after warm wet nights.
Rapid spread of disease from spores on the white
down on oilspots (secondary infection) occurs
following warm wet nights when temperatures
exceed 13°C. (See following page for photographs.)

The following Vineyard monitoring should
include:

• Begin monitoring after 10:10:24 conditions
have occurred. Inspect vineyards every 1 to 2
weeks. Combine with monitoring for other diseases.

• Conduct more specific inspections just after the
predicted time of oilspot appearance as indicated by
an incubation calendar, computerised downy
mildew predictor, or by a disease prediction service
such as the Horticulture Hotline.

• Inspect 200 to 300 vines taking up to 30
seconds per vine. Less time will be needed early in
the season when vine canopies are small. Later in
the season focus on the lower canopy.

HINT
To confirm the presence of downy mildew,

select leaves and bunches suspected of
being infected. That is, leaves with oily

yellow spots and flower clusters or bunches
with oily brown stems, flowers or young
berries. Seal these in a lightly moistened

polyethylene bag and incubate overnight in
the dark at a temperature between 20 to
25°C. White downy fungal growth will

have developed on actively infected tissues
by the next morning.

Life cycle of downy mildew.
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GRAPEVINE DOWNY MILDEW

“Oil Spots” on the upper surface of leaves. Downy growth on the lower surface of leaves. Downy growth on an infected flower cluster.

A discoloured diseased flower cluster. Berry shrivels caused by stem infections.

Downy mildew on young berries. Vine defoliation caused by downy mildew.

Tapestry-like patterns on an infected leaf.
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Downy Mildew cont...

The management of downy mildew involves
strategies for post-infection and pre-infection.

Post-infection strategy:

• Application of a post-infection fungicide 

(curative or eradicant) if conditions for 

primary infection occur (10:10:24) as soon as

possible after the infection period and before 

oilspots appear.

• Application of a post-infection fungicide if 

oilspots are present in the vineyard and a wet

night occurs with the minimum night time 

temperature exceeding 13oC. Alternatively, 

vines can be protected against disease spread

by applying a pre-infection fungicide 

(protectant) before the next warm wet night. 

Pre-infection strategy:

The pre-infection strategy is applicable to:
growers who are unwilling to conduct
monitoring; large vineyards; and vineyards with
heavy soils which limit access after rain and
make the post-infection approach unworkable. 

The pre-infection strategy involves:

• Protecting the vines by spraying a pre-
infection (protectant) fungicide every two 
weeks from four weeks after budburst 
(shoots 20 to 30 cm) until berries are pea-
size.

• Sprays must be applied immediately before 
an infection period for optimum 
effectiveness.

• Spraying may be needed every five to seven 
days if wet weather occurs near flowering to 
ensure adequate protection of rapidly 
expanding flower clusters or young bunches.

A Sultana shoot about four weeks following 
budburst.

Over a period of time the effective control of downy 
mildew will reduce the population of overwintering 
spores.



Producing Quality Fresh GrapesSection 2

74 ADFA Dried Grape Production Manual

Powdery Mildew (or Oidium)

Powdery mildew is a widespread, persistent
disease. The potential to cause crop loss is highest
in vineyards where disease occurred in the previous
season. Powdery mildew overwinters in buds that
produce diseased flag shoots in early spring. 
Powdery mildew can also overwinter in the bark as
cleistothecia (fruiting structures of the powdery
mildew fungus) that release spores that mostly

infect vines between budburst and flowering
following rains of at least 2.5 mm when
temperatures are between 10 and 30°C. Disease
spread usually begins at budburst and although it
can occur at anytime, it is favoured most by mild
cloudy weather (22 to 28°C). The spread of disease
if uncontrolled is steady during the first 40 days
after budburst and thereafter it is rapid. The disease
develops under relatively dry conditions and does
not require moisture for infection to occur.

Vineyard monitoring for Powdery Mildew:

• Inspect vineyards every two weeks. Combine inspections with other disease monitoring where 
appropriate.

• Begin monitoring at two weeks after budburst or at eight to ten weeks after budburst if adopting 
the strategy of protective spraying at two, four and six weeks after budburst.

• Inspect 200 to 300 vines taking up to 30 seconds per vine. Concentrate inspections in the most 
disease-prone parts of vineyards.

• Initially look for isolated diseased leaves and shoots. Later, focus on dense canopies where air 
movement is poor or where disease occurred last season. Tagging diseased vines is helpful for 
identification purposes in future.

• Early in the season, leaf spots (arising from infections caused by spores released from 
overwintering cleistothecia) appear on the lower surface of lower leaves, especially those near or 
below cordons or spurs. Look for small circular patches of ash-grey fungal growth 10 mm in 
diameter 14 days after a potential infection period.

• Later in the season, powdery mildew spores are produced on the upper and lower surface of 
leaves. Use a hand lens (x10) to check for the presence of the powdery mildew fungus on, or 
under leaf blotches.

Life cycle of powdery mildew.
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GRAPEVINE POWDERY MILDEW

Cane marking: sign of earlier infection. A diseased “flag” shoot (left).

First sign of an ascospore infection on a young leaf (centre). Leaf blotches: early sign of disease spread.

Powdery growth on immature berries. Fern-like markings on infected berries.

Severely diseased leaves. Diseased bunches just before harvest.
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Powdery Mildew cont...

Early season control of powdery mildew is very
important in vineyards with a high risk of disease.
As berries are not infected from berry softening
onwards, spraying after this stage is of little value
except to prevent further infection of bunch stems.

The low-risk of crop loss method is known as the
two, four, six strategy. This involves:

• Applying pre-infection (protectant) fungicide
sprays at 2, 4 and 6 weeks after budburst, or 3
sprays before flowering.
• Monitoring the vineyard at eight to ten weeks
after budburst. If disease is present and is
spreading, apply a further spray at ten weeks after
budburst, being just after flowering.
• Further spraying at two to three week intervals
may be required from berry set until berry
softening.
• It is not necessary to spray at intervals of less
than two weeks or after berry softening.
• Where growers are not confident of adequately
monitoring the vineyard, it is best to apply pre-
infection (protectant) fungicide sprays at 2 to 3
week intervals from two weeks after budburst, until
berry softening. This approach may result in the
application of some unnecessary sprays.

The spray less strategy has a higher risk of crop
loss. For success with this strategy, growers must

be skilled in detecting early symptoms of disease
or have access to a reliable disease monitoring
service. This method of control involves:

• Monitoring the vineyard from two weeks after
budburst onwards.
• Immediate application of a DMI fungicide spray
when the first signs of disease are detected,
followed up with two further sprays (sulphur or
DMI) at fortnightly intervals. Spraying after berry
softening should not be required.
• If disease does not appear in the vineyard until
after berry softening, crop loss will not occur and
sprays will be of little or no value.

IMPORTANT
Sulphur should be used in spray programs
to discourage the development of fungicide

resistance. If demethylation inhibiting
(DMI) fungicides, or other fungicides with

different chemistry are used, follow
resistance-management guidelines on

fungicide labels.  For good results apply
these fungicides at four, six, and ten weeks
after budburst and do not apply more than
two or three sprays of each fungicide group

each season.

Powdery mildew overwinters in 
buds that produce diseased “flag 
shoots in early spring.  Powdery 
mildew can also overwinter in the 
bark, and spores are released that 
infect vines between budburst     
and flowering, after rain and 
temperatures of 10-30°C.  
The spread of disease usually 
begins at budburst and although it 
can occur anytime, it is favored by 
mild, cloudy weather.

These healthy Sultana shoots 
indicate the growth period up to 
when the pre-infection (protectant) 
fungicide sprays should be first 
applied.
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Black Spot (or Anthracnose)

Black spot is a destructive disease that is
uncommon in most years but can appear and cause
crop loss following a series of wet springs. The
potential for crop loss is highest during wet springs
in vineyards where the disease is present from the
previous season. Young foliage of Sultana is very
susceptible to infection. The first signs of disease
are chocolate brown spots of 1 to 3 mm in diameter
on young leaves.

The leaf spots rapidly enlarge into circular grey-
black patches of 2 to 5 mm in diameter with
reddish-purple-brown margins. See the photographs
on the following page.

The following vineyard monitoring should be
undertaken:

• Survey vineyards every one to two weeks when
monitoring for powdery and downy mildew.

• Conduct specific inspections 5 to 14 days after
rain periods between budburst and six weeks after
budburst.
• Look for small chocolate-brown to purplish-
black spots on distorted leaves and on stems of
young shoots.

• Focus inspections on vines or parts of vineyards
where the disease has occurred in previous seasons
or where conditions are likely to encourage disease
development (e.g. where vines remain wet for
extended periods).

• When disease levels are low, symptoms are
likely to be confined to a few scattered vines.

The management of black spot involves:

• Spraying early in the season to protect vines.
This is essential for good control.

• Application of pre-infection (protectant)
fungicide spray at 50% budburst and two weeks
later (when shoots are 10-15 cm) if black spot has
occurred in the vineyard in any of the past three
seasons.

• Using protectant fungicides for downy mildew
control that also assist with black spot control in
vineyards with a history of black spot.

• Spraying again at four and six weeks after
budburst (when shoots are 20 to 40 cm) if wet
weather continues to protect new growth, prevent
major crop loss and reduce disease carry-over next
season.

Life cycle of black spot.
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GRAPEVINE BLACK SPOT

An overwintering canker on a mature cane. Leaf spots: early signs of disease.

Leaf spots and early signs of stem scarring on a young shoot. Stem cankers at the base of a shoot.

Spotting on berries and stems at an early stage of bunch 
development.

Black spots on mature berries.

A tattered, shot-holed leaf.
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Phomopsis Cane and Leaf Spot

Phomopsis is a sporadic fungal disease that has
become more widespread in dried grape producing
districts in recent years. The potential for crop loss
is highest during a series of wet springs in
vineyards where the disease has occurred in
previous seasons. The young foliage of Sultana and
Waltham is susceptible to Phomopsis infection. It is
a disease that is often confused with black spot.
Frost damage can also bleach canes in a similar
way to Phomopsis. See the photographs on the
following page.

The following vineyard monitoring should be
undertaken:

• Survey vineyards every one to two weeks when
monitoring for other diseases, starting at three to
four weeks after budburst.

• Conduct more specific inspections, three to four
weeks after prolonged periods of rain when
infection may have occurred.

• Focus inspections on the first 20 cm of shoot
growth and on vines where the disease has occurred
in previous seasons or where conditions are likely
to encourage disease development such as shaded
vines that remain wet for extended periods.

• Look for tiny black-brown flat spots with
yellow halos on leaves and elongated black spots
on stems. Stem lesions take longer to appear than
leaf spots. 

• Later characteristic brown-black cracked scars
develop mostly on the lowest two to three
internodes of shoot stems.

Early season control of Phomopsis is essential to
prevent loss. Management of Phomopsis
involves:

• Application of a pre-infection (protectant)
fungicide at 50% budburst and again two weeks
later in vineyards with a history of disease.

• Further sprays applied at two week intervals
may be needed until fruit set when conditions
continue to favour the disease. If there are frequent
rains during periods of rapid shoot growth, apply
sprays at ten day intervals.

• The use of fungicides for downy mildew and
black spot control that assist with Phomopsis
control.

• The use of canes or spurs not damaged by
Phomopsis to develop the framework of vines.
Damaged canes or spurs will be a source of disease
and are more prone to frost damage.

• Burning diseased wood pruned out of
established vineyards where practical.
The use of disease-free propagation material
including budwood, cuttings and rootlings to avoid
introducing Phomopsis into the vineyard when
replanting.

Life cycle of Phomopsis.
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GRAPEVINE PHOMOPSIS

Scarring at the base of Sultana canes in
early winter: signs of earlier infection.

Scars and bleached areas on diseased canes of
Muscat in late Winter in a warm climate vineyard.

Bleached areas on diseased Chardonnay
canes in a cool climate vineyard.

Spore bearing structures (pycnidia) with spore tendrils
produced on a diseased cane after prolonged wet period.

Early sign of Phomopsis leaf spot.

Severely diseased leaves. Phomopsis leaf spot (small yellow spots) and black spot
(larger spots) on a diseased Sultana leaf.

Elongated cracked brown scars at the base of a
diseasewd shoot.
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Bunch Rots

A number of fungi and bacteria can cause the
rotting of grapes during ripening or drying,
especially when slow drying conditions occur after
berries have been damaged by rain. Vinegar flies
are also often associated with these rots. Black
Aspergillus moulds can also produce undesirable
mould by-products in infected fruit that downgrade
the quality of dried grapes. Bunch rot control
strategies that are adopted depend on the fungi
involved and the time and the amount of rainfall
just before, during or after harvest.

Adopt vineyard layout, trellis design and pruning
practices that encourage the development of loose
bunches, maximise the aeration of fruit and
minimise the time foliage and bunches are wet.
They will discourage rot development. 

The management of bunch rots involves:

• Minimising vineyard cultivation and the
disturbance of soil under vines, especially during
berry softening and harvest.

• Adjusting the timing of and duration of
overhead sprinkler irrigation so that berries are not
wet for more than 18 hours. However, heavy
rainfall can negate the benefits of good irrigation
programs, especially if rains occur immediately
after irrigation.

• Reducing bunch susceptibility to rots by
preventing physical and environmental damage to
bunches, and by controlling light brown apple
moth, powdery mildew and other diseases and pests
that cause berry damage.

• Applying fungicides to bunches after rain
damage is generally not effective because split

berries weep and it is difficult to maintain fungicide
concentration in wounds at high enough levels to
prevent rotting.

• If Botrytis is a persistent cause of rot, apply
appropriate protectant fungicide sprays at flowering
just before bunches close, at berry softening and/or
one to two weeks before harvest, to reduce the
incidence of Botrytis rot. However, the application
of this type of spray program is generally not
warranted in most vineyards.

• If heavy rain occurs up to 2-3 weeks before
harvest or during harvest, a rapid return to warm
windy weather will usually dry out damaged
berries, prevent widespread development of bunch
rots and allow fruit to be harvested as normal.

• If rains are followed by persistently humid
and/or showery weather, damaged fruit should be
harvested as soon as possible before rots develop.
If this cannot be achieved, commence summer
pruning for trellis drying, even if canes bearing the
crop must be cut in the rain. Cane cutting promotes
berry dehydration and reduces the likelihood of
further splitting and rot development.

• Rain damaged fruit should be spread more
thinly than normal on racks to increase aeration,
treated with standard drying solution, and
dehydrated. Mould development and vinegar fly
infestations should cease when the moisture content
of fruit is reduced to less than 50%.

• Discard mouldy fruit when fruit is harvested and
spread on the racks. If heavy rain occurs just after
racks are filled, it may be necessary to respray fruit
with drying solution.

Black mould or Aspergillus rot of 
Sultana grapes.

Botrytis bunch rot of mature 
Sultana grapes.

Rhizopus rot of rain-damaged 
Sultana berries just before 
harvest.
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Further Aids to Disease Monitoring

The following items, services and references are
valuable for the monitoring and controlling of
grapevine diseases:

• ADFA Chemical Spray Diary: The Diary is
provided annually by the ADFA. It has information
on: diseases; current registered chemicals; their
targeted diseases; chemical compatibility for mixed
sprays; and information on control strategies.

• Horticulture Hotline: The Departments of
Primary Industries in Victoria and SA offer
telephone, fax and/or email services with
information based on predictive disease and pest
models. Mildura: 5051 4560, Robinvale: 5026
4568. Messages are also on the internet through the
DPI Victoria website:
www.dpi.vic.gov.au/farming/horticulturehotline or
Cropwatch at www.cropwatchonline.com 

• Vineyard monitoring aid kit: A vineyard
monitoring kit has been developed by Agriculture
Victoria and contains a hand lens (X10), tweezers,
specimen jars, vine tag tape, and pocket companion
on pest and diseases.

• AusVitTM: This is a computer-based decision
support system that evaluates vineyard conditions.
The predictive model provides control strategy
information.  www.crcv.com.au/products/pamausvit

• Videos: Various videos are available from local
departments of Primary Industries on common
diseases such as: Downy Mildew, Powdery Mildew,
Black Spot and Phomopsis.

• Consultants: Commercial pest and disease
monitoring services are available.

• References: “Diseases and Pests-Grape
Production Series No 1” and “The Australian and
NZ guide to Diseases, Pests and Disorders of
Grapes” by Winetitles Adelaide are excellent, easy-
to-read publication from which several images for
this publication have been drawn.

For online pest or disease diagnosis see
www.cropwatchonline.com

Pre-infection Fungicides

Pre-infection fungicides are known as protectants
and are effective only if applied before infection
occurs. They must be applied just before infection
periods to optimise protection of new growth. Good
spray coverage is essential.

Post-infection Fungicides

Post-infection fungicides are known as eradicants
and are effective after infection occurs. They must
be applied as soon as practicable after infection
periods. Good spray coverage is important.
Although they are partially systemic and are
absorbed into sprayed leaves and bunches, they do
not spread enough to provide control to unsprayed
areas of the vine. Some chemicals are a mixture of
pre and post-infection fungicides.

Disease Resistance

Diseases can develop resistance to some fungicides.

To reduce the risk of resistance:

• Reduce the number of sprays applied.

• Follow fungicide resistance management
recommendations on product labels.

• Use formulated mixtures which contain multi-
site fungicides.

The above publication, printed by Winetitles, is 
highly recommended as a valuable reference 
document for identifying the range of pests and 
diseases that affect Australian grapevines.
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Many different insects and mites can be found on
grapevines within dried grape producing districts.
Relatively few of these are serious pests that
warrant the cost of sprays to control them. 
The main pests damaging grapes being grown for
drying are: light brown apple moth; longtailed
mealybug; grapevine scale; and bunch mite. Even
these pests are partly controlled by natural means,
including wasp parasites, lacewing or ladybird
predators, and extremes of climate.
Many dried grape growers do not apply sprays for
pest control instead relying on the natural control
agents. The risk is growers will lose fruit in some
seasons when climatic conditions favour the
abundance of pests rather than biological control
agents. The best program is one when cultural
techniques, biological control agents, and selective
chemicals are used only as necessary to prevent
pests reaching damaging levels. Protecting
susceptible growth stages such as flowers, and
monitoring presence and number of pests can do
this.

It is important for growers to be able to recognise
and monitor pests, and biological control agents in
the vineyard so as to detect potentially harmful pest
populations before they cause damage. The decision
as the when population numbers pose an economic
threat is important. Field days, and workshops
provide valuable information an pest identification
and control strategies. The pest and disease control
charts regularly produced by Agriculture Victoria
are recommended to growers as a source of up to
date information on control strategies. In this
section, the common pests are discussed. More
detailed information is available from State DPIs.

The choice of insecticide and fungicide chemicals
to be sprayed and the timing of the vineyard sprays
are important grower decisions if the natural
predators of vineyard pests are to be monitored.
Wettable sulphur, which is commonly used for pest
and disease control, is less toxic to pest predators
than broad spectrum insecticides and many
fungicides.

Grapevine Scale

During winter, grapevine scale is found on the
underside of canes or spurs. In early spring, they
grow rapidly and produce eggs under the scale
cover. The eggs then hatch to crawlers which settle
on the underside of vine leaves during November.
Grapevine scale is parasitised by a small wasp,
which kills up to 60% of mature scales in some
seasons. The young scales are attacked by predators
such as lacewings during the growing season.  

It should be noted that only heavily infested
vines require the following treatment: 

• Infested vines should be marked during pruning. 

• Marked vines are spot sprayed with dormant oil. 

• Sprays that drench affected vines should be
applied in late July or early August.

Pest  Management

Pest and disease field days help growers 
identify and control pests.

Grapevine scale on winter canes.
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Mites

Grapeleaf rust mite feeds on the surface of leaves,
causing darkening of leaves in summer and autumn,
but has little effect on crop production. If rust mite
activity was noticed in the vineyard in the previous
season, particularly significant leaf bronzing in the
late summer/autumn, control measures are likely to
be required before budburst in the upcoming
season.  

Control of rust mite can be achieved in only a very
narrow window in early spring when mites are
exposed as they migrate from winter sheltering sites
and before leaf expansion provides them with
shelter.  Applications of high rates of a mix of
wettable sulphur and canola oil are proving
effective in field trials.  The spray must be applied
to saturate the bark of cordons and crowns, when
temperature is 15 degrees or above. The mixtures
and, to a lesser extent canola oil alone, can cause
damage to newly-unfolding leaves.  They should
not be applied from budburst onwards.  More
detailed information is available from
www.crcv.com.au/viticare/vitinotes

Bunch mite causes black scarring at the base of
shoots in November. Populations increase rapidly in
hot, dry weather. Bunch and berry stems damaged
by bunch mites develop black scarring, and may
wither if vines suffer water stress.

Mite pests are generally well controlled by
predators if vines are not treated by broad spectrum
sprays toxic to the mite predators. If further control
is necessary, apply wettable sulphur sprays at two
weeks after budburst, and preferably at four or six
weeks following budburst when the mites are
exposed on the leaves and the shoots are easily
covered by sprays.

Grapeleaf blister mites.

Grapeleaf rust mites.

Bunch mite on a berry pedicel.

Bunch mite damage to the pedicel.

Damage to a Sultana bunch.
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Light Brown Apple Moth

Light brown apple moth is an Australian native
insect, which has a wide range of host plants
including grapevines and many broad-leafed weeds
that are common in vineyards. Light brown apple
moth overwinters as a caterpillar feeding on
covercrops, particularly medics, or weeds in the
vineyard. The caterpillars are yellow-green to green
with dark brown head capsules, and grow to a
length of 2.5 cm when fully mature.
The quality and quantity of host plants for light
brown apple moth during winter is a major factor in
determining the size of spring populations.
Light brown apple moth is usually most abundant
during the spring. Caterpillars of light brown apple
moth form feeding shelters by rolling and webbing
leaves with silk, binding leaves to bunches, or by
webbing within the bunches. Early in the growing
season, the caterpillars may web the growing tip of
the shoot. The feeding shelters on foliage or in
grape bunches are the most obvious symptom of
light brown apple moth.

When the feeding shelter is disturbed, the
caterpillars will wriggle backwards quickly, and
leave the feeding shelter to hang from the vine by a
silken thread. 
As grape bunches close up in mid-summer, they
become favoured sites for the caterpillars of light
brown apple moth. The caterpillars web berries
together and feed on the surface of the berries.
They also tunnel into berries. Crop loss is due to
the direct feeding on berries. Later in the season the
feeding wounds can become infected by bunch rots.

The incidence of light brown apple moth in summer
varies from year to year, as eggs and young
caterpillars may be killed by high temperatures or
parasites. Monitoring of vines for egg masses and
caterpillars during summer is necessary, and should
be intensified if cool, mild conditions prevail during
late December and January. In general, the critical
light brown apple moth periods are late October,
early January and mid February.

Light Brown Apple Moth control strategy:

• Remove broad-leaf weeds or plough in covercrops at least three weeks before budburst whenever possible.

• The predictions of moth flights and egg hatch by the degree day model developed by Cropwatch should be 
used as a guide for improved monitoring and control.

• The number of egg masses on vines should be monitored by inspecting the upper surface of the basal leaves
of shoots shortly after the predicted date of egg lay. An average of three or more unparasitised egg masses per
1000 leaf sample warrants control.

• The number of caterpillars on vines can also be monitored by searching shoots and bunches. An average of
one caterpillar per vine feeding within bunches warrants control.

• Moths can be monitored using traps, but trap counts are not a reliable guide to future abundance of
caterpillars. The main reason for trapping moths is to time sprays effectively against moths or caterpillars. Male
moths can be easily and conveniently monitored using pheromone traps. Wine lures may be used to monitor both
male and female moths, but are more difficult to operate than pheromone traps.

• Biological control is important in reducing populations of light brown apple moth in vineyards. The eggs of
light brown apple moth are sometimes parasitised by a tiny wasp, Trichogramma, and caterpillars are also
attacked by the wasp parasite Apanteles tasmanica or by various fly parasites. The main predators of caterpillars
are spiders and lacewings.

• Use biological control sprays such as Bacillus thuringiensis(Bt). These sprays need to be applied soon after
the eggs hatch and while the caterpillars are small and susceptible to Bt.  Spraying should also be carried out
before the caterpillars form a fold in the new leaves making them inaccessible to the spray. 

• If Light Brown Apple Moth populations increase to an undesirable level and biological control is not
working, broad-spectrum insecticides may need to be used for control. Broad spectrum insecticides should be
applied to coincide with peak moth flights.

• Consult the ADFA Spray Diary for details of chemical sprays and biological control sprays (Bt).
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LIGHT BROWN APPLE MOTH

Female moth. Male moth.

Egg mass. Caterpillar and damage to berries.

Caterpillar parasitised by wasp grubs. Webbing of shoot tip by caterpillar.

Pupa within feeding shelter in bunch. Lure pail with port wine.
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Longtailed Mealybug

Longtailed mealybug affects all grape varieties, but
it is the late-harvested varieties that are damaged
most regularly. Mealybugs overwinter beneath the
bark of vines, and in cracks and crevices of trellis
posts. They infest vine foliage shortly after
budburst, and become mature and reproduce in late
October and November. During spring, mealybugs
are found feeding on the under surface of leaves at
the base of shoots. Grape bunches become infested
during summer, especially in late January and
February when the mealybug population again
reproduces.

Young mealybugs are killed by hot dry conditions,
and are particularly susceptible during the
wandering phase, prior to the commencement of
feeding. The climatic conditions during summer,
particularly in late January and February, influence
the severity of mealybug infestation. Due to the
unfavourable effect of low humidity, longtailed
mealybugs are most abundant on vines with dense
foliage where the air is more moist.  A longtailed
mealybug feeds by sucking plant fluids. They
excrete a sugary liquid called honeydew. The
presence of honeydew on grape bunches makes
them sticky and unsightly and retards the drying of
affected bunches. 

Insecticides are not usually necessary to control
mealybug on early harvested vine varieties such as
Zante Currants. Severe infestations seldom build up
before harvest, except in seasons when humid
conditions favour survival of young mealybugs.

Longtailed mealybug can be controlled by the
following strategy:

• Monitor mealybug populations by looking on
backs of leaves or in bunches in sheltered locations
on the vine. The presence of ants is a good
indicator of honeydew producing insects such as
mealybugs or grapevine scale.

• In grapevine varieties or blocks with a history of
mealybug damage, preventative sprays are
necessary. Control using insecticides is difficult due
to the waxy body coverings of adult mealybugs and
their sheltered locations. Best results are obtained
with thorough coverage and when applications are
timed to coincide with the emergence of young
mealybugs in November and January.

• Longtailed mealybug is attacked by various
wasp parasites and predators, which slow
population growth. The predatory ladybird
Cryptolaemus montrouzieri can be purchased for
release against mealybugs.

Longtailed mealybug feed on grapevine fluids 
and are themselves prey for predatory insects.

Longtailed mealybug is parasitised by the 
predatory ladybird Cryptolaemus montrouzieri.
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Rutherglen Bug

Rutherglen bug normally feeds on weeds or oilseed
crops. In some seasons, large populations develop
on weeds, and invade vineyards as the weed growth
dries out in early summer. The bug needs moisture
to survive, which it obtains by sucking shoots,
stems and berries. Affected shoots and bunches
shrivel and die. The risk to grapevines depends on
weather conditions. Migration of bugs into
vineyards is likely from berry set to harvest in
spells of hot, dry weather. Conversely, they will
disappear after rain or overhead irrigation.

Control of Rutherglen bug involves:
Keeping vineyards free of weeds such as paspalum
or capeweed that are hosts of Rutherglen bug.
Applying contact insecticides such as Maldison to
vines and the ground beneath vines to reduce
populations of the bug. Repeat applications will be
necessary during periods of bug immigration.

Vinegar Fly

Vinegar flies are attracted to ripe, damaged and
fermenting fruit. The flies lay eggs in wounds on
the ripe grapes, such as splits caused by rain or
picking damage. The eggs hatch to produce larvae
that feed on the flesh within the berry. When
feeding is complete they pupate, often on the skin.
The life cycle from egg to mature adult can be
completed in seven to ten days. The females live
for about four weeks and may lay over 500 eggs.
Vinegar fly populations typically increase during
mild wet weather. Temperatures in excess of 40°C
are insecticidal to vinegar flies.

Once grapes have partially dried to about 50% of
their initial weight they are no longer attractive to
the flies and the larvae do not continue their
development. The most effective way to control
vinegar fly in the vineyard is to accelerate the grape
drying process by summer pruning for trellis
drying. With rack dried fruit, the use of a
dehydrator will alleviate the problem in poor
weather conditions. Vinegar flies are active during
the day and can fly up to eight kilometres. The flies
carry yeasts and mould spores from bunch to bunch
which in poor drying seasons accelerates the spread
of fruit rots. The fruit consumed by vinegar flies is
not a significant problem compared to the spread of
bunch rots between rain damaged bunches in the
vineyard and on racks.

Vinegar flies can  fly up to eight 
kilometres during a single day.

Vinegar fly on a split Sultana berry. The flies spread 
yeasts and mould spores.

Accelerating drying is the best method to control 
vinegar fly on racks.
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Dried Fruit Beetles

There are several species of dried fruit beetles that
feed on grapes. The beetles are attracted to ripe
damaged fruit, fermenting and partly rotted fruit.
Up to 1,000 eggs may be laid by each female and
the larvae feed in the fresh and partly dry grapes.
The larvae can continue to feed in grapes as they
dry, and do not necessarily confine their feeding to
damaged grapes. The fully grown larvae usually
enter the soil to pupate. During summer, the life
cycle takes three to four weeks. Dried fruit beetles
spread bunch rots by carrying yeasts and mould
spores from bunch to bunch. They may also feed on
sound berries in close contact to the damaged
berries to which they were initially attracted. The
capacity to continue feeding in partially dry berries
makes the insects harder to control with accelerated
dehydration.

Phylloxera

Grape phylloxera is an aphid that lives on the roots
of grapevines and occasionally in distinctive galls
on grapevine leaves. Phylloxera is a devastating
pest of European vines (Vitis vinifera) which
includes all the drying varieties. Grape phylloxera
is not present in Australian dried grape producing
regions. However, it is a major pest that is a threat
to Australian viticulture.  

Phylloxera feeds by sucking fluids from grapevines. 
Its feeding causes galls to form on developing
leaves. The aphids live onthe surface of root galls,
and inside the leaf galls. Infested vines have badly
damaged root systems. These vines lack fibrous

roots and the older roots have cracks and warty
bumps. The affect of phylloxera aphids feeding on
roots is to cause progressive decline in the vigour
of vines growing in clay or loam soils.  
Phylloxera crawlers can be present on the leaves

and fruit of infested grapevines, especially during
summer and autumn. Any harvesting machines,
picking buckets, wine bins or other equipment in
contact with fruit or foliage may be contaminated
with phylloxera crawlers. All equipment used in
infested vineyards should be thoroughly washed
and treated before leaving the infested area.

People moving from infested vineyards can transfer
phylloxera. 

The most common way of spreading phylloxera is
by the movement of infested grapevine rootlings.
Planting material should always be obtained from
phylloxera free areas, and preferably should be hot
water treated. The spread of phylloxera can be
restricted by quarantine and hygiene procedures.  At
present, there is no effective economic way of
controlling phylloxera on ungrafted vines.
Rootstocks are resistant but not immune to
phylloxera infestation as galls do occur on the
fibrous roots of resistant rootstocks under
conditions favourable to phylloxera. Where
ungrafted vineyards become infested by phylloxera,
replanting with vines grafted to a resistant rootstock
is usually necessary to control the insect.

Phylloxera is covered by the following legal
requirements:

• Vineyards infested with phylloxera are
quarantined in Vine Disease Districts. These
districts exist in central northeast Victoria, and near
Sydney.

• No vine cuttings, rootlings or unprocessed
grapes can be removed from a Vine Disease
District.

• No viticultural equipment (including mechanical
harvesters) can be moved from a Vine Disease
District without washing, steam cleaning or heat
treatment, inspection and certified clean.

Dried fruit beetle.

Phylloxera nymphs on a root gall.

Phylloxera aphids on a root gall.
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Nematodes

Nematodes are tiny worms, which can teem over,
feed on, and burrow into grapevine roots. If
nematodes are present in large numbers, damaging
the roots, they restrict the vine’s ability to take up
moisture and nutrients through the root system.
This causes a slow decline of the vine and a
reduction in yield. The main types of nematodes,
which attack grapevines, are root-knot; citrus; root
lesion; and dagger nematodes.  

Root-knot is the most damaging nematode to
grapevines in the dried fruit producing districts.
Approximately 29 to 35% of vineyards are infested,
particularly those on sands and sandy loam soils.
Root knot nematode is uncommon in heavier soils.

Root lesion nematodes are most prevalent in sands
and sandy loams. However, root lesion nematodes
cause serious problems in heavy soils by providing
entry points for root rot fungi.

Citrus nematodes infest most citrus plantings and
most vineyards where citrus is grown nearby.

Dagger nematodes can carry fan leaf virus between
grapevines. Grapevine fan leaf virus is present in
most grape growing regions of Australia but its
spread is limited because Dagger nematodes are
only found in a small region around Rutherglen, in
north east Victoria. 

Detection of nematodes is difficult because of their
microscopic size. However, root knot nematodes
cause galls on the roots and these can be up to 25
mm in diameter. Citrus nematodes are not as
obvious to detect. The presence of citrus nematodes

is indicated when washed vine roots retain soil
because of the stickiness of the nematode’s egg
masses. The best way to determine if nematodes are
a problem is to get a nematode soil or root count
done by a diagnostic laboratory.

The practices undertaken to control nematodes
are:

• Rootstocks: In replant situations when
nematode numbers are usually high, the best
method of control is the use of rootstocks that are
resistant or tolerant to nematodes. The resistance
and tolerance of grapevine rootstocks was discussed
earlier. The use of rootstocks is the best option for
long term nematode control.

• Vine health: Grapevines will often tolerate
moderate numbers of nematodes on their roots if
water and nutrient requirements are met. Healthier
vines are less likely to be affected by nematodes.
Adequate water and fertiliser should be applied to
vines where nematodes are present and vine stress
should be minimised where possible.

• Cover crops: Reduced soil compaction,
improved soil structure and fertility, will reduce the
affect of nematodes. Some covercrops, such as
mustards, are unfavourable to nematodes. Avoid
growing covercrops, such as legumes, that act as a
host plant. Susceptible vegetables, such as
tomatoes, beans, and cucumbers should not be
grown between grapevine rows.

• Chemical control: Some systemic nematicides
are registered for use in grapevines. These will not
eradicate the nematodes but will reduce the number
of nematodes on the vine’s roots. Nematicides need
to be reapplied for long term nematode control.

• Equipment hygiene: Vehicles, tractors and
implements capable of carrying soil should be
cleaned thoroughly before entering an uninfested
area.

• Nursery hygiene: Growers purchasing rootlings
should secure ones that were grown in either virgin
or treated soil or have been hot water treated after
being lifted from the nursery. Growers should
follow the same procedure when producing
grapevines to avoid spreading nematodes over new
plantings in the vineyard. Cuttings should never be
grown in an old vegetable patch.

Root-knot nematodes galls.



Birds

Bird damage within vineyards on the fringe of the
irrigation settlements and close to pockets of scrub
is much greater than for vineyards in the heart of
the producing districts. Damage to fresh grapes is
usually on the vineyard perimeter and generally
does not extend beyond boundary rows. Over 20
bird species feed on dried grape varieties with the
major problem birds being:

Starlings: These birds gather in large flocks of
predominantly immature birds that move between
feeding sites. Starlings prefer ripening, rather than
ripe grapes, and begin to damage fruit up to six
weeks before harvest. Starlings often enter
vineyards from launch sites such as powerlines and
trees.

Silvereyes: Most silvereyes are migratory,
travelling at night and during the day. They move
through feeding areas in loose flocks and peck at
fruit in a similar way to starlings.

Sparrows: These birds do not migrate therefore
efforts can be made to reduce their populations
before damage to the fruit starts around the
perimeter of a vineyard. Sparrows tend to take
whole berries dropping many to the ground. 

Other problem birds to the dried grape industry
include:

• Regent parrots.

• Rosellas.

• Musk lorikeets.

• Noisy minors.

• Blackbirds.

The following bird control measures work to
varying degrees:

• Scarecrows.

• Scare guns.

• Shooting.

• Poisoning.

• Electronic noise emitters and recorded distress 
calls.

• Electric shock devices.

• Kites.

• Humming or reflective tape.

• Exclusion netting.

• Sacrificial alternative crops.

Birds are not readily deceived and rapidly become
conditioned to repetitive measures that do not have
a harmful component. The use of combinations of
the available control measures has been found to be
the most effective strategy using them in an
unpredictable manner is required if control is to be
long term. Such a control program can be costly
and time consuming and may be unjustifiable
unless the bird damage is heavy.  If the level of
damage is such that control is worthwhile then it
may be more efficient to combine with neighbours
to develop a strategy which better uses time and
resources to back the scare methods with actual
harm to the birds. 

If shooting and poisoning are to be used then
compliance with legal requirements (such as
permits) must be met and efforts must be made to
prevent the killing of non-target birds and animals.
Exclusion methods such as netting vines are hard to
justify for the dried grape varieties. However,
netting racks may be worthwhile on some
properties where losses, predominantly to starlings,
can be high. The removal of trees near racks can be
beneficial. Birds should not be shot while in the
racks, as pellets are a serious dried grape
contaminant.
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Starling.

Silvereye.

Sparrow.
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The type, maintenance and correct calibration of
spray equipment are important to the success of pest
and disease, and weed management programs. 

Poor control is often the result of poor spray
application where the chemical has not been applied
to the targeted area in sufficient quantities. Chemical
sprays usually need to be applied over 90 to 100%
of the foliage and bunches for good results.

The over-application of chemical is also expensive,
wasteful, and can be harmful to the vines. A routine
maintenance program on spray equipment should be
completed before bud burst and the commencement
of the spray season. 

Several types of vine spraying equipment are
commonly used in dried grape vineyards:

• Booms with hydraulic nozzles: These, like all
sprayers, have difficulty providing adequate spray
coverage to inner bunches and foliage in large close
canopies where leaves flatten against each other like
shingles, preventing penetration. Coverage is
improved by using high pressure solid cone nozzles
that produce fine droplets with sufficient force to
penetrate the canopy. The nozzles can be angled
either forward 15 to 20° or 10° back to improve
coverage by reducing shingling. An arc shaped
boom or a spray arm with nozzles directing spray up
from under the canopy will also improve coverage.

• Air blast or axial fan: These have difficulty
applying adequate coverage to vines with large leaf
canopies. Coverage can be improved by using fine,
hollow cone nozzles at the highest pressure
recommended to propel the fine droplets sufficiently
to penetrate the canopy. The performance of an axial
fan sprayer can be improved if eight or more
nozzles per side are used with the closer spacing of
the nozzles aimed at the fruiting zone. This can be
achieved by adding T pieces or triplet assembles.
Nozzles not required to cover small canopies should
be turned off. The air speed should be adjusted to
ensure leaves on the fan side of the canopy are

disturbed without causing excessive leaf shingling.
Large ducts provide large air volumes at low speeds,
reducing shingling. To improve the coverage of
large canopies an overhead nozzle boom can be
added to direct spray down. This should be mounted
off-set to the air blast.

Spray Equipment

Flexible duct spray.

Multi-head airblast spray.

Air blast sprayer.

Varying levels of spray coverage, as measured by deposits on water sensitive paper.
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Spray Equipment cont...

• Flexible duct air carriers: These sprayers have
flexible ducts containing single hollow cone
nozzles directed to produce converging air streams.
They create turbulence to improve penetration to
inner bunches and foliage.

• Multi head air blast sprayers: This sprayer
type has either hydraulic nozzles or rotary atomiser
spray heads. The sprayers produce a very large
volume of turbulent air directed at the canopy at a
relatively low velocity. The turbulence is formed by
each individual fan and the converging airstreams.
Trials have shown that this sprayer type achieves
good spray coverage, particularly to the inner
canopy and lower leaf surfaces. The hydraulic
nozzle machine operates at lower fan speeds than
the rotary atomiser type and this should assist its
reliability.

Herbicides are commonly applied with:

• Ground booms with hydraulic nozzles: These
can be fitted with fan or preferably hollow end
nozzles which provide better coverage. 

• Covered spinning disc sprayers: These
sprayers permit low volume sprays to be applied at
high speed and in windy conditions without off
target coverage.

Spray Equipment Maintenance

Diaphragm pumps are designed for a long trouble
free life, with minimum maintenance. It is
important to observe the manufacturer's
recommendations for the pump. The maintenance
recommendations are not difficult or costly and can
be done without special knowledge, tools or skills. 

In general, the following pump maintenance
should be completed each spray season:

• Drain the diaphragm pump and fill with
multigrade oil.

• If applicable, drain the fan gearbox and fill with
gear oil to the required level.

• Check the pump surge chamber pressure and
adjust as required. Check the pump maintenance
schedule.

Air blast sprayers require the variable pitch fan
to be adjusted to suit the vine patch and tractor.
However, if these factors change then it is
important to follow the procedure provided by the
manufacturer for adjusting the pitch. Adjusting
airflow by altering fan pitch can improve air speed
and air movement through the vine canopy which
will improve spray coverage.

Before every use of spray equipment, the
following maintenance should be done:

• Check all bolts such as pump mounting bolts
and wheel studs.

• Lubricate the spray unit according to the
maintenance schedule. Ensure PTO joints and
mechanical agitators have been greased and the oil
level in the pump has been checked.

• Inspect the tank for any foreign matter or dirt.

• Check all filters for dirt and then check the
suction filter after each tank load.

• Check hoses, clamps and fittings for wear and
damage.

• Check the pressure gauge for damage and
ensure it is filled with glycerine. Also check that the
needle rests back at zero pressure when the sprayer
is not operating.

• Remove nozzles and inspect for dirt or damage,
and clean and replace if necessary. Do not poke
wire or drill bits through nozzles as these may
damage the hole.

• Check the spray pattern to ensure all nozzles are
angled and working correctly.

• Check that the nozzles are designed to provide a
suitable droplet size for the chemical.
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Spray Equipment Maintenance cont...

When using a herbicide sprayer the following
steps are important:

• For undervine spraying adjust the nozzles and
boom carefully so that one side of the herbicide
bank is being sprayed. This is particularly important
with residual herbicides where excessive
overlapping along the vine row can result in
overdosing.

• For cross row boom spraying, adjust the nozzles
so that they are offset by 10 to 15° from the line of
the boom, so that sprays do not intercept each other.
An even spray can then be achieved by adjusting
the height of the boom from the ground thereby
increasing or decreasing the length of the spray
line.

After every use of the spray equipment the
following maintenance should be done:

• Flush out the pump and delivery lines with
clean water to prevent build up of residues in the
hoses and pump valves, and to prevent chemical
attack on the sprayer parts. It is important to select
an appropriate site to undertake this task.

• Wash and clean the inside and outside of the
sprayer, preferably with a pressure washer. Ensure
all twigs and grass is removed from around the fan
and fan guard on air blast units.

• If frosts are likely, run the sprayer for a few
minutes to empty any liquid that may freeze and
crack the pump.

Calibration of Canopy Spray Equipment

The Unit Canopy Row (UCR) formula is a new
approach to the calibration of spray machinery for
grapevines, to match chemical rates and spray
volumes to canopy size and row spacing. The
approach is simply based on the height and width
of the canopy and the row length. As the canopy
size increases, the volume applied per hectare will
rise to achieve a uniform dose on the foliage.
Underdosing on large canopies is undoubtedly one
of the major causes of poor control of powdery
mildew and other diseases and pests. The UCR
approach eliminates area and row spacing from the
calibration process.

It is sensible to use a unit of canopy rather than
area as the basis for sprayer calibration. This
canopy unit is defined as: 100 metres of canopy,
one metre high by one metre wide. This replaces
the hectare as the base unit for calibration.

Label rates for pesticide use for low volume
application should be expressed as an amount per
canopy unit.

Appropriate spray volume is the minimum normally
required for leaf wetness per UCR with high
volume spraying. For grapevines in Australia, 30
litres/UCR has been accepted as the industry
standard and is the equivalent to 1000 litres/ha on a
typical own-rooted vine canopy 1m high by 1m
wide in 3m row spacings. Smaller canopies early in
the season will require less spray volume.  Larger
canopies from grapevines on rootstocks will require
more than 30 litres per 100m of canopy. These
amounts need to be calculated.

IMPORTANT
Canopy height is taken from the bottom of

the foliage not the ground, i.e. from 0.5
metre to the top of the canopy. Ignore
sparse hanging canes which may hang
lower or touch the ground. Also ignore
sparse canes above and across the row

when measuring canopy height and width.
It is best to use a tape measure as visual

estimates are generally inaccurate.

Correct calculation of spray rates is crucial to effective
disease control.
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Calibration Formulae

The amount of pesticide (in label units) will
normally be kg, gm, litres or ml, depending on the
chemical and the formulation and will have the
same units as on the label.
If the minimum width the spray equipment can
spray is greater than the canopy height, as will be
the case early in the season, then the swath width of
the sprayer should be used instead of the canopy
height in the formula.  Concentrate spraying should
only be carried out with sprayers that give a high
degree of coverage uniformity.

Correction for canopy density: As canopy
density varies, chemical rates and spray volumes
can be altered using correction factors. For dense
canopies - multiply the spray volume applied by 1.5.

For sparse canopies - multiply the spray volume
applied by 0.5.
An alternative is to alter the appropriate spray
volume/UCR of 30 up and down accordingly.

Correction for sprayer type: The chemical dose
and spray volume retained, and their uniformity of
coverage vary considerably with the type of sprayer
being used. Correction factors could be applied to
compensate for sprayer inefficiencies. Sprayers that
have poor uniformity of coverage are not
recommended for low volume spraying. Low
volume spraying requires nozzles that produce fine
droplets (around 100 microns vmd). These
corrections for canopy density and sprayer type
may also need to be refined.

Dilute (High volume) spraying

Required spray volume (litres/100 metres)equals:

Appropriate spray volume (30 litres/UCR) x canopy height (metres) x canopy width (metres).

Concentrate (Low volume) spraying

Chemical rate (amount/100 litres) equals:

Dilute label rate (amount/100 litres) x Required spray volume

Actual spray volume 

That is, if the spray volume is reduced 4 fold, the concentration is increased 4 fold.

Spray volume applied (litres/ 100 metres) equals:

Tank size (litres) x 100

Length of row sprayed per tank (metres)

This method is widely used as are the following alternatives for determining spray volume applied:

Alternative 1. Spray volume applied (litres/ 100 metres) equals:

Sprayer output (litres/minute) x seconds taken to travel 100 metres

60

Alternative 2. Spray volume applied (litres/ 100 metres) equals: 

Sprayer output measured for the time taken to travel 100 metres.

Flow rate (litres/ minute) equals:

Spray volume applied (litres/100 metres) x travel speed (km/h)

6

This formula is useful for selecting appropriate nozzles and pressures or when ordering new nozzles.

Travel speed (km/h) equals:

Distance travelled(metres) x 3.6

Seconds taken

Calibration formulae to select spray volume, nozzles and spraying speeds
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Calibrating for herbicides

When spraying for weeds and cover crops, the
canopy width becomes the boom width. The crop
height is removed from the formulae as the spray
boom simply sprays a continuous surface. The
formulae otherwise remain the same.

Ideal Spray Conditions

Evaporation of spray can occur on hot days.
Ideal conditions for spraying are light winds of up
to ten kilometres per hour and cooler temperatures. 

Light winds create some turbulence which assists
distribution of chemical throughout the vine
canopy. 
High temperatures can result in rapid evaporation
of droplets reducing the amount of chemical hitting
the target area. 
Rainfall soon after spraying can wash the chemical
off. Spraying wet plants after rain can also be
ineffective and should be avoided. 

Evaporation of spray can occur on hot days.

Inter rows space can be sprayed with enclosed CDA
unit.

CDA units mounted on an all terrain vehicle to control
weeds under vines.
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Spring frosts are an occasional yet serious threat in
dried grape producing districts. Crop losses can be
total if frosts happen during susceptible periods of
the year and in severe instances the vine itself can
be killed.  The plant tissue of the vine is made up of
cells and small conducting vessels filled with sap.
The sap expands as it freezes and ruptures the cell
walls killing the tissue. As sap melts it leaks away
giving the burnt appearance to frosted vines.

There are two different types of frost events –
radiation frost and freeze frost. Radiation frost will
occur when ground temperatures drop below zero.
Freeze frost, sometimes called wind or advective
frost, is caused by wind chill (plants generate very
little heat and suffer the full effects of chilling
winds).

Records indicate that radiation frosts occur most
frequently in early September and drop away
significantly during October. They usually occur on
calm, clear nights when the coldest air is in contact

with the ground. The temperature rises slowly as
the height from the ground increases until the
inversion layer is reached, at between 8 to 30
metres, where the temperature begins to decrease
with further height. Day and night temperatures,
humidity, cloud cover and the soil temperature are
major factors in determining the severity of
radiation frosts. Of these factors, the grower can
most readily manage soil temperature. Increasing
soil temperature is the key to frost control. Soil acts
as a heat bank storing the sun’s energy in the day
and radiating it at night to warm air in contact with
vines. 

A low, succulent cover crop is a better option to
a tall standing one because:

• The cover crop being green and succulent will
store and subsequently release heat.

• As a heavy dew is formed from the cooling of
the humid air found in the cover crop, latent heat is
generated which retards further falls in temperature.
A similar latent heat is again generated when the
temperature reaches 0oC and the dew changes to ice
or frost. 

• The radiating surface, at the top of the cover
crop, is closer to ground level and further below the
fruiting level.

Frost  Control

After frost, sap melts and leaks from ruptured 
cells in shoots giving a burnt appearance.

PREVENTING FROST DAMAGE
The soil conditions that most suit the uptake
of heat during the day and aid its release at
night are:
• Clean inter-row free of weeds or
covercrops. Standing covercrops shade the
soils and reduce available moisture thereby
limiting heat uptake during the day. 
• Moist rather than dry soils. Moist soils
have a greater heating capacity.
• Compact rather than aerated soils.
Compact soils have a greater mass and are
therefore quicker to heat and provide a
better storage of heat. The air in recently
cultivated soils acts as an insulating layer to
limit warming during the day and release at
night. Cultivated soils should be irrigated
and rolled to compact them.
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Frost Control cont...

Some passive methods of frost control are:

• Soil management – avoiding thick mulches or
high swards in between rows, and opting for bare
(cultivated or herbicided), compact, wet soil, or a
close-mown sward with a clean strip around the
crop.

• Variety selection – varieties with late budburst
may avoid frost.

• Protective covering.

• Trellis height and delayed pruning.

Some active measures of frost control are:

• Fog machines.

• Copper sprays to reduce bacteria responsible for
the ice-nucleating process.

• Foliar sprays high in potassium and nitrogen
which are claimed to reduce the freezing point of
plant tissue.

• Anti-freeze solutions sprayed onto foliage.

• Air mixing, using fans and wind machines.

• Overhead and undervine sprinklers – water
application rates are usually lower than in normal
irrigations (ie: 2.5-3.5 mm per hour).  Frost
protection from sprinkler irrigation results from the
release of latent heat when droplets on the crop
reach 0°C and begin to freeze. As long as the
freezing continues there is a release of latent heat,
which prevents leaves from freezing. Sprinklers
must be started before frost is formed and
maintained until the ambient day-time temperature
rises above frost risk level.

Moist, clean compact soils offer the best frost
protection. However, if covercrops are to be
maintained these need to be slashed, mown or
sprayed with a herbicide in August to expose a
significant area of soil. The inter-row area should
also be rolled to assist frost control. Spray-topping
to burn off a permanent cover crop in spring will
also minimise moisture and nutrient competition
with the vines during summer. The use of a
herbicide to eliminate new weed growth after
irrigating is recommended. If cultivation is

preferred then this should be done when the soil is
moist and the weeds are not more than 2.5
centimetres high. Following cultivation, the soil
should be immediately rolled to increase its
capacity to uptake and store heat. This task must be
completed by midday to permit sufficient soil
warming to occur during the afternoon.

Cold air flows towards lower ground and will bank
up behind obstructions. The placement of buildings
and the removal of obstructions such as trees on
low lying property boundaries should be considered
if frost damage is common. If vines are grown in a
low lying area which is susceptible to spring frosts,
late pruning may delay budburst to avoid some
earlier frost damage. This is a more practicable
option with spur pruned varieties. In susceptible
areas, tall trellises should also be considered. These
will raise the fruit zone away from the ground level.
The use of wind machines to mix the cold ground
level air with the warmer air found under the
inversion layer have been utilised in highly frost
prone areas.

Pruning After Frost Damage

Pruning after frost damage in spring is not
recommended, as it will reduce the fruitfulness of
canes for the next season.

Frost Insurance

Some insurance companies offer frost insurance in
conjunction with value-of-crop hail insurance.
This, however, will not cover growers who have not
undertaken adequate frost prevention management
practices.

Covercrops need  to be kept slashed from 
August and while the risk of frost persists.
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Harvest Preparation

To help ensure a trouble free harvest, it is essential
to prepare the property and all of the relevant
harvesting equipment to provide an effective
working environment and minimise breakdown and
delays during the harvest. 

Equipment Maintenance

The following items of equipment, machinery
and property structures should be carefully
assessed and maintained:

• Dip Tins or Tubs: Check the condition and
throw out any that are beyond repair. Assess if there
are sufficient containers to cope with the harvest.

• Tractors: Tractors not used regularly
throughout the year should be serviced and run to
ensure they are up to the job ahead. 

• Carting-in Trailer: Check and grease bearings,
and check tyres for wear and correct inflation.

• Drying Racks: Check all spreaders for wear
and replace any that are broken or look suspect.  A
broken spreader at filling time usually results in
blobs and replacement during harvest is difficult.
Re-tension all wires to ensure even drying and
easier shaking. The racks and rack area should also
be cleared of weeds and weed seeds.

• Drying Green: A well-grassed drying green
maintained during the year reduces weed growth
and keeps dust levels down during the harvest. 
Remove other potential contaminants from the area
such a bottles and metal. Place rubbish bins around
the racks, particularly the area used for eating and
drinking.  Do not use chemicals to treat wooden
racks. Care must be taken with home and shed
termite treatments if the rack area is nearby.

• Rack Spraying Equipment: If using a boom,
ensure that the pump and motor are in good
working condition. Check the oil, plugs etc. Check
for any leaks in hoses and make sure that all clamps
are secure. It is preferable to use a devoted spray
vat for applying drying emulsion to avoid chemical
residue problems. It is important to test any used
vat to be employed for this task. Do not use parts
and hoses taken from other spray vats to repair the
rack spraying unit. 

• Rack Shaker: Check all fingers and other
moving parts. Grease all nipples and remove all
excess as grease blobs to prevent contamination of
the fruit.

• Dehydration Unit: Poorly maintained
dehydrators are very dangerous. The manufacturer’s
maintenance instructions should be strictly adhered
to. Conversion of kerosene units to LPG is a sound
investment. Gas dehydrators in Victoria are to
comply with new regulations.

• Boxing Machine: Check that the engine is in
working condition and change engine oil, inspect
belts for wear, and check tyres.

• Amenities Block: Employee facilities should be
clean and functional. If accommodation is supplied
then it also should be of an adequate standard.

Harvest  Preparation

Well-grassed drying greens reduce dust and 
weeds.

IMPORTANT
If maintenance is undertaken well in advance

of harvest it will prevent time consuming
breakdowns during the busiest period of the
year and hopefully make the harvest a little

less stressful.
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Harvest Preparation cont...

The Vineyard:
The vineyard should be cleared of weeds to provide
a better working environment for pickers and cart
men, and to reduce the likelihood of weed seed
contamination of the fruit. Uneven headlands
should be graded to assist movement at harvest.

The Office:
The crop should be assessed and requirement for
seasonal labour and harvest supplies determined
and ordered. Additional rack space should be
arranged with neighbours if required. The necessary
financial arrangements should be put in place for
paying labour.  A supply of employment declaration
and relevant employment, taxation and workers
insurance forms and information should be
obtained. The latest wage rate sheet is available
from the ADFA.

The harvest season is a critical time of year for the
dried grape grower. This period is usually not
without its challenges in terms of weather and often
the quantity, quality and reliability of the harvest
labour available to pick the crop. The fruit needs to
be harvested for drying during a brief period of
time and therefore the proper management of this
process can reduce the difficulties that may be
encountered.

Sourcing Harvest Labour

People who pick grapes come from all areas of the
community. The main sources of workers are
family members, other locals, unemployed people
from away, skilled seasonal workers, and
backpackers from overseas. The trend in recent
years is towards a dwindling number of itinerant
seasonal pickers participating in the grape harvest.
Harvest labourers who follow seasonal work from
region to region are finding that the mechanical
harvesting of many crops is leaving large gaps in
their working year. 

The industry is becoming more and more reliant on
skilled locals and inexperienced backpackers.
Each year the grape industry works to attract a
sufficient labour force from all over Australia to
meet industry needs. This process begins in

November with visits to target recruitment areas to
promote the opportunity for seasonal employment
and continues through to February and March each
year with the placement of pickers with growers
through the Harvest Labour Service. 

Labour recruitment is assisted by two Federal
Government programs that support the National
Harvest Trail - a program that co-ordinates harvest
work opportunities on behalf of growers and
organisations across  Australia.

Weeds are an annoying distraction for pickers 
and cart men.

IMPORTANT
It is advisable to begin sourcing labour as

early as possible as it can become a
competitive exercise between growers who

require employees at the same time. Seasonal
employees come from a variety of

backgrounds and they bring a wide range of
expectations, needs and skills to the job. It is

wise for these to be assessed before
employment is offered and work is

commenced. Take time to get to know the
personality of your employee and to convey

your needs and expectations to them as it will
save time, money and worry.

Harvest  Labour
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Harvest Labour cont...

The Harvest Labour Service:

Harvest Labour Service providers help growers
find workers to meet labour demands by:

• Marketing harvest work opportunities with other
employment service providers and places
frequented by overseas travellers, such as
backpacker hostels.

• Mobilising job-seekers from outside the areas
Liaison with growers about harvest labour needs
Screening job seekers to ensure they are eligible to
work in Australia.

The National Harvest Labour Information
Service:

This service co-ordinates and distributes
information on harvest labour in Australia.  As
growers often have difficulty finding enough
workers at harvest, the National Harvest Labour
Information Service helps match an itinerant pool
of workers with variable seasonal work.  

It is responsible for:

• Marketing the National Harvest Trail.

• Developing and publishing an up-to-date
National Harvest Guide.

• Providing a national telephone information
service.

• Co-ordination of harvest labour vacancies on the
Harvest Trail website.

• Liaison with growers, grower associations,
Harvest Labour service providers, Job Network
members, recruitment agencies and Government
departments.

Growers can also recruit their own seasonal
labour by:

• Developing a reliable workforce that returns
year after year.

• Advertising in the local media.

• Placing a "Pickers Wanted" sign at the front of
the property and placing notices in shops etc.

Employing Children:
Special requirements are in place to protect children
under the age of 15 years from the risks associated
with employment.  In Victoria, the Child
Employment Act requires permits for the
employment of children, but exempts children
working for a family business.  It sets limits on the
minimum age of employment, the number of hours
that can be worked, and the types of employment
allowed.  The Act requires police checks on
employers and supervisors in workplaces, although
they are not required for parents, guardians,
grandparents, uncles, aunts or siblings.

Conditions of Employment

All employers are obligated to ensure that every
employee understands the conditions, duties and
wages that they will receive. 

This means providing details on the following
subjects:

• Award Wages: Advise all employees of the
method of payment: piecework, hourly, weekly; the
rate applicable; and when wages will be paid.
Minimum rates are payable under the Horticultural
Industry Award (2000). Award rates are shown on
the wage sheet circulated by the ADFA. To attract
labour it may be necessary to pay above the
minimum rates provided in the Award.  

• Employment Duties: Clearly outline the duties
you wish the employee to complete. This includes
an understanding on how to pick without damaging
fruit, how to fill the buckets, and how to place the
filled buckets along the row etc.

HINT
Growers can lodge labour requirements with
the National Harvest Telephone Information

Service on 1800 062 332 or locally at
MADEC on (03) 5022 1797 or

fax (03) 5025 4040.
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Conditions of Employment  cont...

• Hours of Work: Indicate to employees the days
and hours they are expected to work. It is advisable
to explain to pickers the need to plan the amount of
fruit harvested each day to aid the flow of the cart
and rack work. The need for reliability should be
stressed and the desirability of being informed in
advance if time off is required.

• Work Breaks: Indicate the time of morning tea,
lunch and afternoon tea and also if food and drinks
will be provided during these breaks.

• Administrative Procedures: Make sure all
forms are completed at the start of employment.
Forms such as employment declarations,
superannuation forms, work insurance and any
other administrative details required by
Government. The employer is obligated to do no
more than request and note the taxation file number
given to him by the employee on the employment
declaration. The employer has no duty to ensure its
accuracy. If an employee does not have a tax file
number he has 28 days to obtain one from the
Australian Taxation Office (ATO) and supply it to
the employer before the employer is obliged to
withhold tax at the highest marginal rate. Take time
to explain the deduction rate and the fact it is a set
percentage on all income earned rather than a
progressive system of rates starting at zero and
increasing in stages as earnings rise.

• Accommodation: If accommodation is to be
supplied then show the employee their quarters and
explain how each appliance operates, and your
expectations of how it will be kept. Make a special
effort to introduce all employees sharing the
accommodation. If accommodation is not supplied
ask where employees are staying and what their
contact telephone numbers are. Ask how they will
be getting to work each day.

• Suitable Clothing: Highlight the type of
clothing that is most suitable for the job and warn
against discarding them during the day. For
example, hats and loose clothes to protect against
the sun and heat, and knee pads, gloves etc. for
general protection.

• Equipment: Advise whether or not picking
knives, water bottles, and sunscreen lotion are
supplied.

• First Aid: Explain where the first aid equipment
is kept and the procedures to be followed if
someone is hurt on the job. Advise workers of the
necessity to guard against heat exhaustion and
dehydration by drinking plenty of fluid. 

• Work Place Safety: The relevant work
insurance literature and posters should be pointed
out. Normal training of employees regarding the
work hazards found on the property should be
undertaken, particularly tractor safety and sun
protection.

Employee Training

The training of seasonal employees is an under-
rated skill in the dried fruits industry due to the
readiness of pickers to have a go and the perception
that everyone knows how to pick grapes or will
learn quickly.
If you want to have a successful group of
employees then a quick training session is always
beneficial to prevent early disillusionment if they
are left to learn by themselves.

Suitable clothing for picking includes rimmed 
hats and loose cotton shirts to protect against 
the sun and heat.
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Employee Training cont...

New employees need to be taken through each step
of the task so that there are no misunderstandings
about the manner in which the employer wants the
task to be performed. This will ensure that the
manner in which the picking task is undertaken is
up to your expectations and is not the cause of
conflict if fruit is being dropped or squashed, and
buckets are not being filled adequately. It is also
beneficial to provide picking tips to enable
adequate tallies and earnings to be achieved. 

Training on farm safety should not be overlooked,
as accidents are most likely to happen to
inexperienced and tired workers. 

Accidents are not only regrettable for the person
hurt but can be very costly to the employer
particularly if due care has not been observed in
providing a safe work environment or there has
been inadequate training for the injured person.

Dispute Resolution

Disputes between employer and employees or
disputes among employees are almost inevitable
and can become very difficult if not handled
correctly. It should be remembered that prevention
is better than cure and disputes about pay rates, tax
rates, payday etc. are best avoided by proper early

communication. An understanding about the
allocation of rows to be picked and the system used
to record tallies can instill confidence in the picker
and reduce resentment. Personality conflict is more
difficult to prevent but good communication by the
employer with his staff will give an insight into
possible trouble building between people and this is
best dealt with earlier rather than later.

If a dispute has not been avoided then it needs to be
settled quickly where possible before animosity
builds and resolution becomes impossible.

If the dispute is between employees then the grower
may arbitrate. The grower should hear both sides of
the story without interruption so that both parties
have their say about the situation. If possible, both
parties should be encouraged to come to their own
agreement. This may require some astute questions
by the employer to facilitate an agreement on what
occurred and what is a reasonable outcome to
rectify the dispute.

If the dispute is still not resolved it will be up to the
employer to make a decision on what action is to be
taken. Remember that you want a productive group
of workers and the most productive is the group
that works in harmony.

If a dispute arises between the employer and
employee an amicable resolution between the
parties should be sought. If necessary, clarification
on employment conditions can be obtained by
either party from the ADFA or Department of
Employment and Workplace Relations.

New employees should be trained so that they 
can perform the tasks set for them.
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Taxation of Fruit Block Employees

If an employee has not provided a Tax File
Number, but has lodged a "Tax File Number
Application/Enquiry Form", they are taxed at the
normal rates (below) for up to 28 days.  At the end
of the 28-day period, if the Tax File Number has
still not been received, any wages paid after that
time must have tax deducted at the rate of 48.5%
(or 47% if the employee is a non-resident).

Permanent Employees

For regular employees who are not just employed
on a seasonal basis, the PAYG Withholding Tax
Tables should continue to be used.  These
schedules, together with "Tax File Number"
declarations, are available from newsagents.

Contractors

Growers can enter into contracts with contractors
who can harvest or prune the vines at an agreed rate
other than by the usual measurement of determining

wages.  For example, harvesting for an agreed cost
per acre or tonne is acceptable.  The contractor
must be responsible for his own employees and
take tax installments from their wages. Where there
are genuine contracts, the grower does not have to 
make PAYG Withholding Tax deductions from
payments made to the contractor, unless the
contractor does not provide his/her Australian
Business Number (ABN).

Where the contractor performs most of the work
under the contract himself, then he is regarded as an
employee and PAYG Withholding Tax deductions
must be deducted from payments made.
Where the contractor is paid by the normal method
of payment of wages to block employees, e.g. on an
hourly award rate or at a rate per bucket, then
PAYG Withholding Tax deductions must be
deducted.

Tax rates for Seasonal Workers

• Australian Resident
Pay As You Go Withholding Tax (PAYG) deductions:

- Where Tax File Number is quoted - 13%
- Where Tax File Number is not quoted - 48.5%

The concessional flat rate of tax of 13% applies to any person (but not an overseas visitor on a working
holiday) who does all of the following things:

- Is employed in the production and cultivation of a horticultural crop;
- Performs the work on the grower’s property;
- Does not work for the same grower continuously for more than 6 months; and
- Correctly completes an employment declaration.

• Overseas Visitor On A Working Holiday
For employees who are not residents of Australia (overseas visitors on a working holiday) a flat-rate of 
tax installments apply:

- Where Australian Tax File Number is quoted - 29%
- Where Australian Tax File Number is not quoted - 47%
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Taxation of Fruit Block Employees cont...

Payments to Picking Teams or Syndicates:

• Payments to the team leader, manager or
foreman are treated as a payment of wages to an
individual employee and therefore PAYG
Withholding Tax deductions are required.  This
arrangement is not classed as contracting and
growers are advised to have individual pickers
complete "Tax File Number" declarations and pay
each one separately.

Superannuation

Superannuation must be paid for all employees
including casuals, pickers & pruners except
where the employee:

• Earns less than a gross wage of $450 per
calendar month.

• Is under 18 years of age and does not work
more than 30 hours per week.

• Is 70 years of age or over.

• Is paid under a contract of employment to do
work of a domestic or private nature for not more
than 30 hours per week e.g. part time nanny or
housekeeper.

The minimum rate of superannuation to be paid is
9% of the ordinary time earnings. 
Payments must be made to a fund, which complies
with the Superannuation Guarantee legislation at
least once each quarter. Employers no longer have
to make quarterly reports in writing to all
employees of details of contributions made. 
Failure to make the necessary superannuation
payments will result in a liability to pay a
Superannuation Guarantee Charge.  The Charge is
equal to the unpaid superannuation plus interest,
along with an administration fee of $50 plus $30
for each employee.  This should be avoided, as the
charge is not tax deductible, while the
superannuation payments are.

Compulsory Workers’ Compensation

Victoria
Workcare registration is compulsory where the
employer's annual payroll exceeds $7,500, where an
apprentice is employed, or an employee lodges a
claim.  Registration forms are available from Post
Offices.

N.S.W.
Workers Compensation Insurance is compulsory for
every employer. First contact should be with one of
the 13 approved insurers. 

S.A.
Insurance is compulsory from the first dollar of
wages.  Application forms are available from Post
Offices.  

Deducting tax and superannuation can be a  point of 
dispute with seasonal workers.  It is best to be aware
of the requirements imposed on employers by the 
Tax Office and keep appropriate records.
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One of the most important decisions growers have
to make each year is when to start the harvest.
Traditionally, growers have used the Sultana
maturity measurements prepared by the DPI
Victoria as a guide. 
However, this has its limitations because it works
on district averages and does not allow for
variations amongst vineyards. The more relevant
method is for growers to carry out their own
maturity tests. The procedure is simple and has the
advantage of determining the actual maturity for the
vineyard. It assists in achieving the best possible
returns.

Fruit Maturity
The higher the sugar level, the better the drying
ratio will be. Ideally harvest should begin on the
property’s most mature patch when the following
minimum sugar levels are reached:

• 24°Brix (13.3°Baumé) for Zantes
• 21°Brix (11.7°Baumé) for Carinas
• 20°Brix (11.1°Baumé) for Sultanas (optimum 

22°Brix)
• 24°Brix (13.3°Baumé) for Gordo and Waltham 

Cross.
• 24°Brix (13.3°Baumé) for Sunmuscat (optimum

26°Brix)

To convert Baumé to degrees Brix multiply by 1.8.

As a guide, these maturities can give drying ratios
of: 

• 3.5:1 for Zantes. 
• 4.0:1 for Carinas. 
• 4.5:1 for Sultanas.
• 3.5:1 for Gordo, Waltham Cross and Sunmuscat.
A hydrometer can be used to measure grape
maturity. 

Using a hydrometer involves:

• Selecting the grape sample by choosing two
berries from the top, two from the side and one
from the bottom of 20 bunches. The bunches are
selected from in the middle and end of canes found
at the top and within the canopy along a row. This
sample collection is the most important part of the
testing procedure.

• Crushing the sample grapes.

• Measuring juice temperature. Hydrometers are
calibrated to give accurate readings at 20°C, so
hold fruit at room temperature for two hours before
testing.

• Floating the hydrometer and take the reading.

A refractometer can be used to obtain a maturity
reading for individual berries. The refractometer is
more expensive but it is simple and quick to use.
Apart from the more mature fruit providing
plumper dried product with better drying ratios,
maturity can also improve grower returns by
affecting the quality grade of the fruit. Immature
fruit tends to produce berries with a green tinge due
to the presence of chlorophyl. More mature fruit
has less variation in sugar levels and hence
variation of colour. Over-mature, sun-exposed fruit
tends to dry to a darker colour.

Accurate measurement of grape maturity by
growers to determine the commencement of harvest
on the property will maximise potential tonnages
and total returns. However, in some years other
factors such as weather, and pest and disease
pressures may also impact on the timing of the
harvest and its duration. A mix of varieties offers
the ability to spread the workload at harvest time
and spread the risk of crop damage from poor
weather at harvest. Some new varieties have
improved rain and disease tolerance.

Harvest  Strategies  & Commencement

Gordos have a high Brix level at harvest giving 
excellent drying ratios. 

A refractometer accurately measures maturity.
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Crop Salvage Strategies

Rain and humid weather at harvest can damage
fruit very quickly with berry ring necking and
splitting.

This type of berry damage is caused by the berry
taking in moisture more quickly than it can return it
to the vine through the stem or transpire it to the air
through the berry skin. Splitting occurs when the
berry skin cannot stretch enough to cope with the
berry swelling from moisture taken in as sap or
water through the skin due to osmotic pressure.

Under dry conditions inflows virtually equal
outflows. However, in cool, humid, cloudy
conditions, transpiration of water out of the berry
skin virtually stops and water on the berry goes in
rather than out. In these conditions berries can
increase in weight 25 times more quickly than in
hot dry conditions.

Currants and Sultanas are particularly susceptible to
splitting. The state of fruit in the vineyard at the
time of the rain and the weather conditions
immediately afterwards will determine if significant
berry damage will occur. A taut berry is much more
likely to split than a slack berry as the taut berry
has a lower capacity for expansion. The berry
condition depends on a number of factors such as
crop load, soil type, irrigation frequency and
maturity.

A split berry may heal or damage further depending
mainly on the weather. A rapid return to warm, dry
weather evaporates rain water on the berry and
allows the berry to transpire moisture through the
skin to reduce berry tautness. 

The berry will contract and the splits heal up.
However, if prolonged humid or wet weather
occurs the splits stay open, allowing a range of
yeasts and moulds to attack the berry. These rots
will usually take from five to seven days to appear
on berries and are often spread by vinegar flies. 

In addition to crop loss to splitting, damaged fruit is
susceptible to mould development and Ochratoxin
A contamination. OA is a by-product of certain
fungi and can adversely impact on human health if
consumed in sufficient quantities. The industry
conducts clearance testing for OA to ensure
tolerances such as 10 ppb in Europe are not
exceeded. Growers considering crop salvage
techniques should be mindful of the need to control
bunch moulds in damaged fruit and to keep mould
contaminated fruit separate from sound fruit.

Given the frequency and damage caused by rainfall
during the harvest period, it is wise for growers to
have well developed strategies to cope with rain
damage. If rain occurs just before or just after the
start of harvest and unfavourable weather
conditions are predicted, growers are faced with the
decision of whether to risk large proportions of
their crops being lost or take some form of action to
start drying it as quickly as possible. 

There are four options available:

• Do nothing and continue harvest as planned
whilst hoping for clear, hot and windy weather.

• Continue hand harvesting but put on extra
pickers to get the fruit off the vines before too
much damage is done.

• Trellis dry the remaining fruit.

• A mixture of trellis drying and accelerated hand
harvesting.

Ring necking and 
splitting on a Sultana 
berry.

IMPORTANT
Records show at least one harvest season in
three is badly affected by rain in February-
March. It is estimated that half the seasonal
variation in fresh Sultana production from
year to year is due to rainfall in February. 
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Crop Salvage Strategies cont...

Just which of these methods or variations suits a
grower will depend on factors such as: property and
crop size, prevailing and anticipated weather
conditions, and the availability of labour and rack
space. Careful consideration of these options should
result in a strategy, which will minimise crop
losses. Growers need to be mindful that crop loss
can also occur from Ochratoxin A contamination of
fruit resulting from mould development in damaged
fruit.

The merits of these options are:

• The first option is high-risk as continued wet,
humid weather can result in large losses.  The only
circumstances in which this could be done are
where all the grapes could be safely picked in about
two weeks. If the crop is particularly badly
damaged it will be necessary to pay pickers above
the award contract rate, or in extreme cases pay an
hourly rate.

• Hand harvesting the crop at a faster rate than
normal may be a good option in some
circumstances. As an example, a 12 hectare Sultana
property, which yields 7.5 dried tonnes per hectare,
would have about 45,000 buckets to pick. If one
tractor is used, and 1,500 buckets per day picked it
would take 30 picking days (5 weeks) to harvest. If
two tractors and extra pickers are used and 2,500
buckets per day picked it would take 18 picking
days (3 weeks). If extra pickers are used, rack space
will quickly run out as picking 2,500 buckets a day
will almost fill two 50-metre racks. The problem of
limited rack space will be increased if drying
conditions are poor and the time between filling
and shaking down is lengthened. In these
circumstances, artificial rack dehydration is very
worthwhile. It also assists the control of vinegar
flies that spread fruit rots and enables an improved
turnover of racks.

• Trellis drying can quickly commit large areas to
the drying process so it is an ideal technique for
growers with large areas of damaged grapes. One
person can cut about a third of a hectare of vines
per day. A team of four cutters can cut a 12-hectare
property in ten working days. Advanced cordon-

based trellis systems can be cut mechanically at
about a third of a hectare per hour providing
excellent risk management benefits. Trellis drying
is a good option if sufficient resources are available
to run two separate operations. Generally, there are
some areas on most properties which are not
suitable for trellis drying. These areas can be hand
harvested while the rest of the property is trellis
dried. Using the two systems means that fruit from
a 12-hectare property could be fully committed to
drying in about seven days.

If significant rainfall occurs during harvest there is
no easy way of minimising the damage and
securing the crop. It will take a lot of hard work.
Having a contingency plan in place before harvest
is a sound idea and will help prevent poor decision
making during a stressful situation. Gaining
experience with trellis drying in good years may
prove invaluable in years when salvaging the crop
is necessary. Trellis drying as a production system
is addressed in Section 4.

Chemicals such as sodium metabisulphate have
little affect when applied to damaged grapes on the
vine or rack and are not considered to be a
worthwhile practice because the sprays retard the
drying process. Accelerating the drying process is
the most effective strategy in reducing fruit rotting.

If berry splits do not heal yeasts and moulds can 
rot fruit.
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With any hand harvesting operation fruit can be
badly damaged during picking, carting in, or when
placed on the rack. It is important to ensure that
fruit is in good condition when it arrives at the rack
as this will go a long way towards producing high
quality dried fruit.

Handpicking Grapes

The following actions should be undertaken
during picking to ensure fruit quality is
maintained:

• Before letting pickers start ensure that they
know how the job should be done. This is
particularly important for those workers who are
picking for the first time, but do not assume that
pickers who have done the job before will know
how to do it properly.

• Ensure the vineyard is clean. Pickers can not be
expected to do a good job and stay until the end of
harvest if the block is full of weeds, spiked weed
seeds and love grass. 

• Buckets should be kept under the vines and if
dip tins are being used they should not be dragged
along the ground, as they will pick up large
amounts of dirt. For rack sprayed fruit, plastic tubs
are preferable as they keep the fruit cleaner and are
lighter to handle. 

• Buckets should be checked by pickers to
remove any seeds clinging to tubs and avoid any
weed seeds when moving the tub around. 

• Bunches should not be handled roughly as
damaged fresh berries will dry dark. It is preferable
for pickers to use a picking knife.

• Buckets should be filled to a slight mound
above the rim. Bunches on the top of over filled
buckets will be prone to damage during carting in. 

• Buckets should contain only a small number of
leaves, as it will be a time consuming task to take
them out at the racks. Talk to your pickers if there
are too many leaves in buckets and tell them what
your requirements are.

• If pickers are not prepared to do the job
correctly, they should be replaced with others who
will. Unsuitable pickers can be very costly.

Carting In

The following actions should be undertaken
during carting in to minimise fruit damage: 

• Level out any uneven headlands before starting
picking to give a smoother ride and prevent buckets
from tipping off.

• Use a long, thin trailer for carting in. This
allows more room around the sides in the rows and
reduces buckets and bunches pulled from the trailer.

• Buckets stacked carefully in a pyramid
minimises damage to fruit.

• When loading, buckets must be carefully
handled. Buckets should be stacked carefully
without dragging and damaging fruit beneath. The
stacking pattern should be that of a pyramid so the
buckets sit on the edges of other buckets and not
directly on top of each other.

• If the day is hot or the fruit is damaged do not
leave full plastic buckets in the field for extended
periods.

• If fruit is damaged, use dip tins in preference to
plastic buckets.

• Clean the cart floor regularly to remove rubbish
and damaged fruit.

Picking and Carting In

Buckets should be filled to a slight mound above the 
rim.

Buckets stacked carefully in a pyramid 
minimises damage to fruit.
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Spreading is a critical operation in the production
of a quality final product. 

The following steps should be undertaken during
the placement and spreading of fruit on the
rack:

• Early in the drying season, when rack space is
crucial and drying conditions are best, up to six
tubs or dip tins can be placed either side in a rack
bay. Later in the season this should be reduced to
five to aid drying during the cooler, shorter days.

• The even distribution of fruit across the rack to
single bunch depth is crucial to aid the application
of drying emulsion and optimise airflow around the
fruit.

• Fruit should be lifted into position and not
dragged across the wire netting. To avoid blobs the
grapes should not be laid over the top of the cross
pieces that support the wire netting.

• The largest bunches should be placed on the
edge to improve their drying rate and to avoid
blobs.

• Leaves and mouldy fruit should be removed, as
should other visible contaminants where
practicable. 

Fruit  Placement and Spreading

Even distribution of grapes across the rack wire 
assists drying times and quality.

The spreaders assist the placement of fruit on 
racks such as the Currants shown above.

Fruit should not be placed on the spreaders to 
aid even drying.

Steps can aid rack work by allowing easy access 
to the upper tiers of the rack.
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The first drying oil mix consisted of olive oil and
wood ash and was used in early Roman times to
produce dried Sultanas. In the early 1900s, the hot
dip method was used in Australia to dry Raisins in
preference to this ancient technology. 

The lye dip of wood ash, caustic soda and
quicklime was heated to 85°C and the fruit dipped
for five seconds to split the berry and partially
remove the wax covering the berry known as the
bloom. In the 1920s the general use of drying
emulsions began in Australia following the
disclosure of the process by Greek migrants in
exchange for land. 
The cold dip of olive oil and potash improved the
rate of drying significantly, and the first of the

Golden Sultanas Australia is now renowned for, 
were produced. The golden colour is due to the
accelerated drying rate rapidly concentrating the
sugars and limiting the activity of the browning
enzyme, polyphenol oxidase. The enzyme, which is
also active in cut potatoes and peeled bananas, is
not active in fruit with high sugar concentrations
resulting from low moisture contents.

The blue-brown colour of untreated or natural
Sultanas develops during the 3 to 4 weeks it takes
grapes to dry. Treated Sultanas will darken if
weather conditions are cool, humid or still and not
suitable for rapid drying. If the berry is not well
covered in emulsion it will dry more slowly.

During the drying of a grape, berry moisture moves
outwards through the flesh and skin cells and
finally the bloom which acts as a barrier to water
loss to the atmosphere.

The use of drying emulsion hastens the grape
dehydration process by modifying the bloom. The
bloom consists of densely packed clusters of wax
platelets of different shape.

The development of commercial drying oils was
pioneered in the 1930s. During World War II
alternatives to scarce olive oil were investigated.
Further CSIRO research led to the identification of
esters of fatty acids as accelerants of the drying
rate. Animal tallows were used as a cheap source of
esterfied fatty acid. 

Industry concern over consumer reaction to tallow
based oils in the early 1990s led to introduction of
an industry specification that only vegetable oil be
used in the production of the ethyl and methyl
esters. A research trial to compare the two drying
oil types showed that the vegetable oil based
product performed slightly better in regard to
drying times and product quality.

Drying Emulsion Preparation & Applicat ion

The golden Sultana produced in Australia 
compared to a natural or TSR.

Left: Scanning electron micrograph of a fracture of an untreated 
Sultana berry. cw: Cell wall. ew: Epocuticular wax. c: Cuticle.

The modification to the wax platelets is clearly evident on these CSIRO pictures taken with a scanning electron 
micrograph. The image on the left is an untreated Sultana berry. The image in the centre shows the affect of drying 
emulsion applied on the rack. The image on the right shows the affect on a dipped fruit.
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Emulsion Preparation

(Also see Super Wetters section in Trellis Drying
chapter.)

Drying oils generally consist of the following
ingredients:

• Ethyl esters of fatty acid (60%), methyl esters of
fatty acid (15%), and free fatty acids (5%). The
ethyl and methyl esters modify the wax platelets to
reduce the effectiveness of the bloom as a barrier to
moisture loss from the berry to the atmosphere.

• Emulsifiers (20%). The emulsifier assists the
esters to distribute evenly within the drying oil
emulsion. The constant agitation in the spray vat
helps keep the esters in solution when rack spraying. 

About 80% of the drying oil applied to fruit is lost
during the drying process due to breakdown and
evaporation. The principal breakdown products are
fatty acids, identical to those found naturally in
many foods. No breakdown products of
toxicological concern have been identified. The
washing of fruit during processing also removes the
residual drying oil and the amounts remaining on
the final product are very small. Research showed
that the oil remaining on 10 kilograms of fruit is
equivalent to the margarine on one slice of toast.

To form the alkaline drying emulsion, drying oil is
diluted with water and mixed with potash
(potassium carbonate). Potash alone, mixed with
water and applied to grapes, will accelerate the
drying rate. Potash is responsible for providing the
drying emulsion with an alkaline pH. At pH levels
of 9.5 to 11.0 it aids moisture loss, inhibits
fermentation of oil in dip tanks caused by moulds
and yeasts, and helps maintain the drying oil in
solution.

Excessive potash application causes berries to be
damaged easily during handling around the drying
racks and during processing. This leads to fruit
compacting badly in storage making it difficult to
use by the consumer and manufacturing users. 
Excessive potash on fruit can result from too high a
concentration in the drying emulsion or repeated
spraying of fruit with drying emulsion. Further
research has shown that fruit treated with high
amounts of potash reabsorbs moisture more rapidly
at night and during wet or humid weather thereby
slowing the drying rate. 

The mixing instructions on the manufacturer’s label
should be followed but as a general guide the
mixtures found by the CSIRO to provide effective
drying rates and produce a quality product without
damaging the berries are:

Fruit treated with excessive potash is susceptible to 
compaction before and after processing.

HINT
Rates may need to be increased slightly if the

emulsion is being applied to immature fruit. To
test if adequate wetting ability of drying

emulsion, dip one half of a berry into a sample
of a prepared dry emulsion.   Allow the berry

to hang and observe the “creeps” up the berry.
If the “creep” is inadequate, the strength of the

drying emulsion may need increasing to
improve spread on immature fruit.

* A second application is necessary only if there is concern inadequate wetting into the centres of tight bunches and into
clumps of bunches will result in blobs. If rain occurs within three days of the initial application of the drying emulsion
respraying is necessary.

(spray)



Hand Harvesting & Drying Section 3

115ADFA Dried Grape Production Manual

Emulsion Preparation cont...

When preparing the drying emulsion it is very
important to:

• Purchase drying materials from a reputable
retailer.

• Prepare the emulsion in accordance with the
recommendations on the product label.

• Accurately calculate the volumes of the water
and drying oil, and the weight of the potash, and
record them.

• Accurately measure the potash, oil and water to
ensure that the maximum drying rate is achieved. 
Ensure the potash is thoroughly dissolved. 

• Check the pH of the drying oil solution with an
indicator paper before use. The pH should be
between 9.5 and 11. At a lower pH the drying rate
is retarded, the emulsion becomes unstable and the
dip may ferment. To increase the pH potash is
added until a pH of 10 is reached. If the pH is too
high, the berry skin becomes brittle resulting in
poor quality dried fruit. The pH can be reduced by
adding spirits of salts.

Drying Emulsion Application

Cold Dipping:

Use of a dip tank containing 3000 litres of cold
drying emulsion to fully immerse the fresh grapes
held in perforated dip tins. This has been a highly
successful method for producing high quality dried
fruit for most of the last 100 years. Dipping fruit

usually provides excellent berry coverage with the
drying emulsion. Dipping fruit retains a small
following of growers that believe the final quality
of fruit is superior to that obtained with other
methods.

Obtaining high quality fruit is based around the
following procedures:

• Dip the fruit in a dip tank for between one and
three minutes. Excessive dipping time can cause
berry splitting.

• Rock the dip frame to remove air bubbles from
the bunches.

• Check the pH with indicator paper before
commencing use each day to ensure it is in the
range pH 9.5 to 11. Regular monitoring is more
important when dipping damaged fruit. 

• A catching tray to remove the damaged berries
should be placed in the bottom of the dipping tank
and regularly emptied.

• A second application of drying emulsion by rack
spraying is necessary only if concern about blobs
exist or if rain occurs within three days of the initial
application of the drying emulsion. Any follow-up
spray should be applied at the rate of 50 litres per
1000 kilograms of fresh fruit (125 dip tins).

Sultanas being immersed in a cold dip. Monitoring the dip’s pH level to ensure it is maintained between 9.5 to 11.0 is 
important, particularly when dipping damaged fruit.
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Drying Emulsion Application cont...

Rack Spraying: 

The use of rack wands to spray fruit on the rack
emerged as a timesaving technology in the 1970s.
There are various wand designs based around
multiple nozzle forks applying drying emulsion
above and below fruit to give good coverage. Rack
spraying can also be undertaken with boom sprays
directing the drying emulsion into the rack from the
side. The boom spray is more prone to give poor
coverage of fruit causing blobs, slower drying and
darker fruit. Using airblast sprayers to rack spray is
also a higher risk alternative and more likely to
deliver poor results.

Obtaining high quality dried fruit is reliant on the
following procedures:

• The initial spray is applied at a rate of 450 litres
per 8,000 kilograms of fruit (1,000 tubs).
• Use pump pressure of about 1,400 Kpa and
nozzles that do not mist at this pressure.
• Removing leaves and distributing fruit evenly is
important to ensure adequate coverage.
• Oil creep around the berry is restricted on less
mature fruit. Monitor early picked fruit closely to
ensure adequate coverage is being achieved.
• Multiple spraying should be avoided. Trials have 
shown they have little affect on overall drying rates.
Additional sprays also cause increased fruit damage
and greater reabsorption of moisture both on the rack
and in storage during periods of rain or high relative
humidity.
• If rain occurs within three days of initial
application and removes significant quantities of the
emulsion a second application may be necessary
using the recommended emulsion.

• If concern exists about blobs, a second
application should be applied four days after the
initial spraying. At this time the bunches will have
lost their rigid structure and previously sheltered
berries will have become more exposed. 

Use of drying emulsion on Zante Currants is not
necessary. It is not recommended for Carinas due to
its affect on the bloom and berry skin causing it to
damage readily during processing. Use of drying
emulsion at label rates is recommended for Raisin
production. Adding caustic potash must be avoided
as it causes berry splitting and highly sticky fruit. A
second application of spray is recommended as
standard practice for Raisins to avoid blobs in poorer
drying conditions at the end of the season.

Take care using boom sprayers.

IMPORTANT
Avoid chemical residues by using a separate
spray unit from that used for weed, pest and
disease control. Most residue contamination

has been traced to use of old spray vats where
the drying emulsion has leached chemicals

from the pump hoses and the vat itself.

* The second application is necessary only if concern about blobs exists or if rain occurs within three days of the initial
application of the drying emulsion depending on the weather.

Avoid multiple spraying. It has little affect on drying 
rate and reduces quality.
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Drying grape berries lose moisture into the air
surrounding the berries. This air becomes very
humid and its removal is essential for rapid drying.
Ideal drying conditions are provided by a light wind
on a hot dry day, when heat is supplied rapidly to
the berries and moist air around them is continually
removed.
The alkaline drying emulsion applied to sultana and
raisin varieties modifies the structure of the outer
layer of wax platelets to reduce the barrier to the
transfer of moisture to the surrounding air.

Rack, trellis and ground drying techniques are all
effective drying systems, which rely on solar
radiation either directly or indirectly by its
influence on air temperature and humidity. Solar
radiation drops away rapidly over the drying season
due to the combined affects of decreasing light
intensity and shorter days. The maximum value
recorded for total daily radiation drops 60% from
early February to the end of May. Slower drying
occurs as the season progresses due to lower
temperatures and higher relative humidity. To
achieve adequate drying on the rack the maximum
daily temperatures need to exceed 27°C. 

Measurements taken on fruit being finish dried on
groundsheets showed average berry temperatures
on clear days in March, April and May of 65°C,
55°C, and 45°C respectively. The use of solar
curtains and rack dehydrators to assist drying,
particularly late in the season is often worthwhile.  

Grape Drying Principles

A bin dehydrator assists drying, particularly late 
in the season.

This berry dipped into a drying 
emulsion shows the unaffected wax 
platelets on top compared to the 
altered surface below.

The surface of this treated berry 
has been affected by rain. The wax 
platelets are still altered and 
respraying will not hasten drying.

Initially, drying rate is limited by 
the amount of evaporation from the 
berry surface. Later, it is moisture 
migration within the berry.

There are two stages of grape drying in the field. These are:

• Stage 1: Water evaporates from the berry surface at a constant rate controlled by movement through the
skin and wax layers. During this stage the decrease in drying rate is due to berry shrinkage and the
resultant loss of surface area from which moisture can be lost to the atmosphere. Relative humidity is the
critical drying condition with the movement of air across the berry being more important than fruit
temperature during this stage of drying. 

• Stage 2: This stage commences as the berry skin begins to wrinkle from about 20 to 50% loss of initial
weight. Initially during this stage water loss is still dependent on the speed of evaporation from the skin.
Later, the drying rate slows markedly towards the end of drying as water movement from within the berry
towards the berry surface becomes a limiting factor. During this phase high berry temperatures become
critical to increase the permeability of the surface waxes and to promote moisture migration within the
berry, both of which hasten drying. Under normal conditions finishing off sultanas and raisins requires
berry temperatures to be elevated by either ground drying or artificial dehydration.
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Before fruit is shaken from the rack, it is essential
the moisture level has been reduced to 16% or
lower. Fruit shaken from racks too early is easily
damaged. Rack shaking at temperatures above 30°C
should be avoided as hot fruit is more susceptible to
damage.

The procedure should be undertaken in the
following way:

• Ensure that the rack shaker is correctly
maintained with the fingers properly located to suit
the tier spacing.

• Lower berry netting and side wires to the
ground and pin a side sheet on each side of rack.

• Place a short hessian at each intermediate to
catch fruit between the bays during shaking.

• Control the shaking speed to ensure fruit is not
being shaken ahead of the rack shaker.

• Assist removal of fruit around intermediates if
necessary by using a pitchfork or crosspiece.

• After each bay is shaken, the side sheets are to
move the fruit onto the berry sheet to avoid it being
damaged.

• Rake up the stalks as you go and keep them
separate. Stalks can be placed on ground sheets for
further fruit removal at a convenient time.

• Currants can be dried to the required moisture
content on the rack and therefore boxed directly
upon being shaken. To avoid boxing hot fruit, the
rack should be shaken early in the morning or late
in the evening if lighting is available. 

Rack Shaking

Mechanical rack shaking quickly removes fruit 
and careful preparation will ensure fruit losses 
are minimised.
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The above table summarises the description of
excessive moisture.

Sultanas and Sunmuscats, Currants and Raisins
delivered at moisture contents of not more than
13.0%, 13.5% and 14.0% respectively are received
without a dehydration charge. A charge is applied
by the processor to cover the cost of drying wet
fruit to the correct moisture content.

Achieving these low moisture content levels is not
easy. At lower moisture content levels the
movement of water through the cells of the flesh to
the atmosphere is limited by the high sugar
concentration of the nearly dry berry. In normal
conditions the fruit needs to be heated above
ambient air temperature to assist moisture migration
inside the berry and to increase the permeability of
the berry cuticle. This increase in fruit temperature
is achieved by ground drying or by artificial
dehydration.

Ground Drying

Ground drying has been utilised to finish dry fruit
since the early 1900s. The placement of fruit on the
ground sheets in direct sunlight heats it above
ambient air temperature and facilitates the final loss
of moisture from the nearly dry fruit in a day or
two in fine conditions. 

It also evens the moisture content between berries
as high moisture berries pass water to drier fruit.
Studies have also shown that ground drying fruit
makes the skin of berries more durable and less
likely to damage during processing. Sultanas and
Raisins should not be boxed directly from the rack.

Finish Drying
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Ground Drying cont...

The following procedures are advisable in finish
drying fruit on the ground: 

• Ground sheets should be checked for
contaminants before being stored after each season.
A further check needs to be made for burrs and
other contaminants each time the sheets are used
during the season.

• Ground sheets should be kept away from roads
to avoid contamination of fruit from road rubble.

• Tractor mounted dispensers allow ground sheets
to be unrolled while the fruit is being tipped from
the rackshaker trays. This avoids the need to run
machinery on the sheets thereby reducing the risk
of squashing or contaminating fruit.

• The fruit should be tipped evenly along the
ground sheet regardless of whether the shaker trays
are operated mechanically or tipped by hand. The
fruit can then be raked out easier and will finish dry
faster.

• Fruit must be raked out evenly to accelerate
drying, even out the colour, and remove blobs.
When raking out the fruit, it is important to remove
all contaminants from the sheets in order to reduce
the risk of penalties.

• Covering the fruit by folding over the
groundsheet during rain or before heavy overnight
dews is advisable to prevent moisture uptake. The
placement of old tyres at intervals on top of the
folded groundsheet will keep it closed in
unfavourable weather. Old tyres are preferable to
bricks as a weight as brick chips are a common
contaminant of dried fruit.

• The sheets do not need to be rolled in at night if
the weather remains fine with overnight dews
unlikely. 

• The moisture content of fruit drying on
groundsheets should be monitored to ensure fruit is
not over-dried. 

The use of old tyres to prevent ground sheets 
from blowing open is a better alternative than 
bricks.  Tyres are easy to handle and will not 
contaminate the fruit.  Research has shown 
brick pieces to be a major fruit contaminant.

Do not water drying greens after December and 
they will brown off, assisting the rate of drying.
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Artificial Rack Dehydration

W.F. Yann, an engineering consultant engaged by
the ADFA, developed one of the first commercial
rack dehydrators. It was developed to dry fruit from
high moisture content for salvage operations and to
replace ground drying in normal production to save
time and reduce the risk of fruit contamination.
Rack dehydration is now the preferred option for
controlling mould and vinegar fly.  

Successful artificial drying requires skill, but the
following procedure is proven:

• Rack filling and spreading: Normal spreading
of fruit is essential. Overloading creates heat
distribution problems, causes uneven drying and
poor quality fruit.  

• Assessment of starting moisture content: 
A representative fruit sample should be collected to
determine approximate drying time. 

• Prepare the rack: Drop down the top tier as
well as the berry wire on the duct side.

• Assemble the rack curtains: Fully enclose the
rack with side curtains and top sheet allowing
looseness for the humid air to escape. 

• Position thermometers: Place a thermometer
on the middle tier at both ends and the centre of the
rack on the opposite side to the duct.

• Position ducting: Place the ducting along the
full length of the rack behind curtain on windward
side. The outlets face inwards and upwards.

• Connect the burner unit: The ducting is
connected to the burner unit which should be
checked prior to harvest commencing.

• Lighting procedure: Adhere strictly to the
manufacturer’s instruction manual and allow a
period for pre-heating. Monitor the thermometer
temperatures closely to prevent uneven heat
distribution and excessive temperatures developing. 

Temperature should be maintained at 60°C. Safety
precautions should be carefully adhered to,
particularly during lighting.

• Controlling temperature: airflow and
humidity: The fuel, fan speed, recycling of air and
venting of humid air by raising the curtain opposite
the ducting manipulates the conditions that control
the rate of drying. Depending on the equipment and
the prevailing weather the operator needs to learn
from the monitoring of the thermometers and his
previous experience the fine tuning needed to make
the drying process efficient. The following table
provides a guide only to the operating time for
dehydration of fruit at a range of moisture contents. 

• Monitor moisture content: Monitor fruit to
ascertain actual moisture content.

• Cooling fruit: On completion of drying, the
fruit should be cooled before shaking and boxing
by running the fan for a few hours or leaving the
fruit on the rack overnight. 

• Supervision: The operation must be monitored
closely to adjust for changing weather and fruit
conditions. Good management practices are the
basis of a cost-effective operation.

Gas dehydrators are recommended for operator 
safety.

HINT
LPG burners are recommended from a safety

and product quality standpoint. All gas
dehydrators in Victoria must be retro-fitted

with additional safety equipment in
accordance with the new guidelines.

Dehydrators will be fitted with the new
equipment, checked and a compliance plate

fitted.  If a dehydrator does not have a
compliance plate, gas will not be supplied.
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Bin Dehydration

The bin dehydrator was designed specifically to
finish dry fruit with a moisture content less than
18%. Many variants of the bin dehydrator have
been developed. They are all based on the principle
of attaching a dehydration unit to the end of a series
of metal sided bins in which fruit lies on hessian
placed over a rigid wire mesh floor located about
15 cm above the ground. 

An airtight cover is clamped to the bins and held on
by a number of clamps placed along the bins. The
dehydration unit blows hot air into the space
between the cover and the fruit. This air is forced
down through the fruit to discharge the moisture
laden air from vents in the sides of the bins near
ground level. To make the operation more fuel
efficient many bin dehydrators now recirculate a
proportion of the heated air instead of venting it.

Solar Rack Curtains

The full length solar curtains are made from clear
reinforced polyethylene and are fitted when the fruit
has dried to about 25% moisture content. Prior to
this moisture content being achieved the flow of air
over the fruit is critical to rapid drying. 

Enclosed racks are up to 10°C hotter than racks
without curtains during the day and the fruit remains
warm longer into the night. It has been shown that
having the fruit curtained during the night slows the
reabsorption of moisture by dry fruit.

The rate of drying is accelerated in curtained racks
because the rise in fruit temperature more than
compensates for the loss of air movement over the
fruit. The raised temperature increases the rate at
which the moisture in the centre of the berry makes
its way to and through the outer layers. The small
amounts of moisture that are lost from the grapes
during the final stage of drying do not build up
within the curtained rack. Solar rack curtains are
capable of drying fruit to 13% on the rack. 

In the trial work undertaken by Agriculture Victoria,
it was observed that fruit quality from solar curtained
racks was very good. The use of curtains increases
the drying rate. It also protects the fruit from
darkening as a result of rain and sunburn to the fruit
on the edge of the rack.

Solar curtains hasten drying once fruit has dried 
to about 25 % moisture content.
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The boxing of properly cured fruit in preparation
for delivery and storage is a critical phase of dried
fruit production. A marked deterioration in fruit
quality and problems in processing occurs if boxing
is carried out incorrectly. 

The boxing of hot fruit must be avoided to prevent
both rapid darkening and excessive compaction in
storage, both before and after processing. A
maximum delivery temperature has been set by
industry. Originally set at 32°C, it has been reduced
to 30°C and this may be reduced further. 

Storage of high moisture fruit also leads to
darkening, sugaring and processing difficulties.
Correct moisture levels for delivering sultanas,
currants and raisins are 13%, 13.5% and 14%
respectively. 

To avoid penalties, boxing fruit containing blobs,
i.e. clumps of berries with high moisture content,
should not be undertaken.

Finish drying fruit leads to high berry temperatures.
On clear sunny days in early March, April and May,
ground dried fruit reach temperatures of 65°C,
55°C, and 45°C respectively, and artificially
dehydrated fruit is heated to 60°C . Trials have
shown that fruit temperatures do not drop to near
ambient levels before the onset of darkness.
Following hot days fruit should not be boxed until
the late evening or preferably the next morning.

To ensure fruit quality is optimal when boxed
and does not deteriorate during storage, the
following practices should be undertaken:

• Store bulk bins in an area free from spiked weed
seeds, stones and other contaminants. A well
grassed area can be useful for this purpose. Before
using the bins inspect inside and out, and clean
them if necessary.

• Place only fruit of similar quality and uniform
moisture content in the same bulk bin. Do not place
fruit of high moisture content in the bottom of bins.

• Avoid over filling bins, in particular by topping
up after settling as this causes compaction.

• Only box fruit with a temperature below the
industry limit. Lower temperatures are preferred as
15°C is optimal, though very difficult to achieve. 

• Ground dried fruit should be boxed in the late
evening, preferably after sunset or in the early
morning before 8 am. Special care may be required
during extended periods of hot weather when
ambient temperatures may remain high, even
overnight.

• It is necessary to carefully monitor fruit
temperatures after bin or rack dehydration. Hot
boxing of dehydrated fruit is a frequent occurrence.
Running the dehydrator fan for a few hours helps
reduce fruit temperature. 

• Before delivery, fruit should be stored in the
shade. If left in the sun the temperature of fruit on
the surface or close to the sides can rise rapidly.

• On farm storage of boxed fruit should be kept to
a minimum to reduce insect and rodent infestation
and to avoid moisture uptake during periods of high
humidity.

Boxing and Storing Fruit  for Del ivery

Temperature is critical when boxing fruit. 15°C
is optimal, although hard to achieve in hot 
weather.
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Trellis drying, also known as summer pruning, was developed by CSIRO in the late 1960s as a mechanisation
technique for Sultanas. It is now the normal production system of many growers.

Advantages of  Trel l is  Drying

Cost Savings

Investigations of the viability of trellis drying
compared to the cost of hand harvesting and rack
drying indicate that growers profit by mechanically
harvesting crops in excess of two dried tonnes per
acre. Individual circumstances and seasonal factors
will influence the actual financial comparison.
Trellis drying offers cost reductions in labour
recruitment and management, wages, workers
compensation insurance superannuation and book
work. These savings are offset in part by the cost of
equipment and its operating expense. More
advanced mechanised production systems, such as
the Shaw Swingarm trellis, also involve
investments in better plant material, irrigation and
trellis systems. These systems increase yields and
minimise labour required for winter and harvest
operations.

Labour Availability

It is becoming increasingly difficult to recruit
casual harvest labour. The amount of reliable,
experienced harvest labour will continue to
decrease as more people become less willing to
work long hours in hot and dusty conditions. It is
also likely that those who are willing to pick will
want to be well paid. Trellis drying reduces reliance
on harvest labour and also lessens associated
paperwork. The amount of physically demanding
work is also reduced with trellis drying and
mechanised handling systems.

Risk Management

The adoption of trellis drying enables growers to
commit large areas to drying quickly. The threat to
the crop posed by bunch rots such as Ochratoxin A
(OA) and berry drop, and by rain during the harvest
period, can be better managed. It also enables
growers to maximise yields by delaying the
commencement of harvest to improve drying ratios.
These benefits can be substantial. The growers that
are experienced and properly equipped for trellis
drying are better placed to cope with adverse
harvest conditions. Improved risk management
should not be forgotten when assessing the
financial benefits of trellis drying.

Fruit Quality

Good drying practices are rewarded with quality
regardless of the drying method utilised.
Experienced producers of trellis dried fruit are
delivering fruit that cannot be distinguished from
good rack dried fruit. Recent research indicates that
high quality trellis dried fruit is tougher skinned
and less prone to damage during processing.
Contamination of the fruit with adhering leaf and
other vine material is a concern that can be
minimised with attention to proper procedures.
However, the risk of fruit contamination with
mould, weed seeds, and stones is reduced with
trellis drying.

Consistent high-quality dried fruit is produced by 
growers committed to trellis drying.
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Requirements  for Trel l is  Drying

Suitable Vine Vigour

Vines lacking vigour (usually own rooted vines
producing on average less than 2.25 tonnes per
acre) are generally unsuited to trellis drying as they
are unable to sustain adequate yields. Yield decline
of 10% for own rooted vines is commonly quoted
but this will depend on vine vigour. In recent times,
better vine management and gentler harvesting
techniques has reduced yield decline in less
vigorous vines.

Vineyard Set-Up

The set-up of the vineyard will affect its suitability
for trellis drying. Impediments to the movement of
the wetting and harvesting machinery such as row
width, headland turning space and freedom from
drainage pits, etc. need to be considered. Potential
impediments to machinery movement within the
vineyard should be mapped before the
commencement of harvest. Delays during the
harvest can be frustrating and expensive,
particularly if contractors are involved. It should be
remembered that wetting machines and harvesters
have catcher plates that are not designed for
reversing along rows. 

Some growers do hand harvest trellis dried fruit
using a variety of collection systems but they are
not realising the full benefits of mechanisation.
Most trellis types can be summer pruned although
single wire and narrow T trellises are not suited due
to the retention of insufficient leaf canopy
necessary to maintain yields, controlling rootstock
vigour and distributing fruit for ease of wetting and
harvesting.

Operator Skills

Trellis drying requires attention to detail to ensure
each step is properly organised and undertaken.
Fruit quality and future yields can be badly affected
if the producer's technical and management skills
are lacking. Training and supervision are very
important when the trellis drying procedures are to
be undertaken by inexperienced labour. 

Access To Equipment

Access to the required equipment at the appropriate
time is crucial to the success of trellis drying. This
can involve: sole ownership; syndication;
borrowing equipment; or the use of contractors. The
flexibility of timing for a procedure provides a
valuable guide to the appropriateness of these
arrangements for any given piece of equipment. As
previously noted, risk management is an important
consideration with trellis drying.

IMPORTANT
Growers embarking on trellis drying should
do so with the understanding that operating
both hand and trellis drying systems can be
complicated. Growers should plan the move

to trellis drying with the aim of committing a
significant acreage in the future so as to
maximise the benefits of mechanisation.

Machinery syndication between growers is one 
means of limiting the investment in equipment.
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Wetting

The wetting operation is of critical importance.
Good wetting involves covering all berries on all
bunches with drying emulsion. This results in even
drying, consistent quality and reduces blobs that not
only ruin the fruit's grade but also make harvesting
difficult.

Timing

Wetting should be undertaken as soon as possible
either before or after cutting. Grower opinion is
divided on whether wetting before or after cutting
is better (practice). It would appear to be a matter
of individual preference and both can result in good
quality fruit if undertaken well. Research and
grower experience has shown that mature fruit wets
better than immature fruit. 

Fruit that is warmer than 20°C will also wet better.
Following rain, when cutting is undertaken as a
matter of priority, vineyard access for wetting may
be delayed for up to a week without affecting fruit
quality.

A need for good wetting of fruit and critical timing of 
the operation means priority should be given to 
owning a wetting machine.
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Drying Emulsion Rates

Research by the CSIRO has shown the above
rates to be cost-effective:

Excellent drying rates and fruit quality have been
achieved using a drying emulsion containing less
drying oil and potash than that required for rack
drying. 

Higher rates of oil and potash may need to be used
to improve the wetting if fruit is immature.  To test
for best spread of dip emulsion, dip half a berry
into the emulsion mix and allow to hang vertically.
Observe the "creep" up the berries.  If the mixture
does not move around the berry, it may need to be
altered.  "Super wetter" – oil soluble alkyl silicon
wetting agents – allow the dipping oil to spread
more readily over the berry surface.  It can also
improve the solution’s penetration into tight
bunches.

A second application of emulsion should only be
made when rain removes significant levels of the
emulsion within a short period (5-7 days) after
application or when there is concern over blobs
occurring due to the emulsion not penetrating
bunches to cover all berries.  Care must be taken
when applying a second spray to avoid dislodging
fruit which has partially dried. When spraying for
blobs, many growers use a hand-held jet as it is a
gentle and inexpensive application method. Accurately measure drying oil and potash to achieve 

best results.



Trellis Drying Section 4

131ADFA Dried Grape Production Manual

Super Wetters

New oil soluble adjuvants have been developed to
enhance the spread of drying emulsion on trellis
dried grape bunches. Alkyl silicone adjuvant lowers
the surface tension of drying oil, allowing it to
spread more effectively across the grape surface.
The increased spreading also allows the drying oil
to penetrate bunches more effectively.  It may assist
in humid drying conditions, or in heavy crops,
when grape bunches would otherwise dry unevenly
resulting in darker or uneven colour. 

Mixing Recommendations:
Alkyl silicone adjuvant is added directly to the
drying oil before the oil is mixed with potash and
water. The adjuvant should be mixed at 5% by
volume to the drying oil: for example 10 litres of
super wetter to 200 litres of drying oil.  Higher
concentrations of oil and potash have been found to
improve spreading, but should not exceed more
than 1.0% oil and 1.2% potash plus alkyl silicone
adjuvant. (Trials so far have shown no benefit in
drying time, cost of fruit grade when the lower
concentration of 0.5% oil and 0.6% potash was
used with alkyl silicone adjuvant.)

Wetting should be undertaken as soon as possible
either before or after cutting. 

Based on two years of trials, the benefits vary
depending on the year, but appear to be greatest in
difficult drying seasons.  In a good drying year it
appears cost will exceed the benefit unless labour
savings are achieved by reducing volumes and
travelling faster while wetting.

Trials have not been done using conventional trellis
or rack spraying, but the principles should be
similar.  If the main limitation in drying on
conventional trellis or racks is that the emulsion
doesn’t get the bunches, no expensive additive will
make it spread better.  

Do not use alkyl silicone adjuvant if you cannot
increase the speed you drive the wetting machine.
The increase in concentration of drying emulsion is
very expensive.  The high cost of drying emulsion,
plus alkyl silicone adjuvant, may outweigh any
additional returns you get from higher grade fruit.

As an example, to mix a 2000 litre tank of
emulsion:

• Mix 1 litre of alkyl silicone adjuvant into 20 

litres of oil and agitate the mixture thoroughly.

• Add the 20 litres of oil to the partially filled tank.

• Add 24 kilograms of potash.

• Agitate the tank

• Complete filling the tank to 2000 litres

HINT
Alkyl silicone adjuvant allows emulsion to be
applied effectively in lower-than-conventional
volumes.  If you don’t drive faster, the cost of

oil, potash and alkyl silicone adjuvant will
make annual costs increase.  It is

recommended to drive faster so that the
labour saving and volume reduction will

compensate for the increased cost of using
higher concentrations of oil and potash, and

adding alkyl silicone adjuvant.
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Spraying Equipment

Equipment used by growers to wet fruit includes:
hand-held, boom and mister sprayers; and purpose-
built wetting machines. The most successful of
these is the wetting machine, originally developed
by growers to spray and recycle large volumes of
drying emulsion. Its design has been further refined
by DPI Victoria. This design is the basis for
commercially built wetting machines. Growers
wanting to construct their own wetting machine
may purchase plans from the Department of
Primary Industries at Irymple. 

Regardless of the equipment used, the principle of a
drenching application of emulsion is critical. The
number, location and direction of nozzles will need
to be adjusted for different trellis types to ensure
adequate wetting of all fruit. Spray pressures from
207 kPa (30 PSI) to 344 kPa (50 PSI) are used to
ensure penetration of the canopy and bunches.
Canopy penetration is also aided by large droplets. 
The volume of emulsion applied depends on the
equipment used and the size of the crop. Normally

between 22,000 and 33,000 litres per hectare (2,000
and 3,000 gallons per acre) is applied with wetting
machines, depending on the crop size. Of this about
two-thirds is caught and recycled leaving 7,000 to
11,000 litres per hectare on the vines. 
Research has shown that with modern wetting
equipment high quality fruit can be produced at
application rates as low as 14,000 litres per hectare
using "super-wetters". These emulsions comprise
1% oil and 1.2% potash. Growers applying the
recommended lower-strength emulsion should
monitor berry coverage to ensure it is adequate.

Ground Speed

The speed of the wetting machine moving along the
row will determine the volume of emulsion applied
and recovered. Growers should expect to wet
between 0.2 and 0.4 hectare (0.5 and 1acre) per
hour. Research on the Marshall and Shaw trellis
types has shown row speeds up to 2.5 kilometres
per hour makes little difference to the final fruit
quality achieved. The speed of operation will
depend on: the type of wetting equipment; the
trellis type; the vine vigour; the crop size; the
spread of bunches; and the looseness of bunch
structure. Thorough wetting is the key performance
measure for assessing wetting procedures.

Inspection

The complete coverage of berries with drying
emulsion is practically impossible and berries will
dry adequately without total coverage. However,
growers should inspect fruit after wetting to ensure
bunches are being adequately sprayed. This task is
best undertaken at least two hours after spraying
and preferably after 24 hours when excess emulsion
has fallen from the vine and the emulsion has had
time to move around the berry surface.
If coverage is inadequate, adjustments may be
required to: the wetting machine nozzle set up; the
volume of emulsion; the application pressure; or the
row speed. Applying a touch up spray may be the
best option in some circumstances.

Plans for this wetting machine can be purchased at 
DPI Irymple.
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Trellis drying requires the fruiting canes to be cut
or summer pruned. This is not a full pruning of the
vine, such as undertaken in winter, but a severing of
canes to separate the bulk of the fruit bunches from
the vine whilst retaining at least 50% of the foliage.

Winter Procedures

Once growers adopt trellis drying as their
production system they can prune and roll on canes
in winter in a manner that will assist the cutting
operation during harvest. Ideally, all canes should
meet the wire at the same point. A technique to
achieve this is to collect the fruiting canes, take
them directly to the wire and wrap them on
together. This may not be possible with canes from
vigorous rootstock vines. Canes should not be
dragged across the crown of the vine or taken in
straggly fashion to the wire.

Timing

Cutting should normally be completed by around
March 7, to enable drying and harvesting to be
undertaken during the hotter, more reliable weather
of March when day length is also greater.

The commencement of cutting will therefore
depend on: the area to be cut; the amount and skill
of the available labour; the trellis type; and vine
vigour. Ideally cutting should not begin until the
fruit is mature (20° Brix or 11.1° Baume), at about
February 20. 

CSIRO research has also shown that immature fruit
is more difficult to wet as the drying emulsion does
not spread naturally over the wax of immature fruit.

As the drying season progresses the mean daily
temperature drops as do the hours of sunshine,
while relative humidity and the likelihood of rain
increases. These factors along with grape maturity
have influenced experienced growers to aim to
complete the summer pruning by around March 7
each year.

Indicative maturity table:

The patch with the ripest fruit should be cut first.
Growers with various trellis and soil types may
wish to start with the patch that is most susceptible
if poor weather occurs. In the event of the crop
being jeopardised by poor weather earlier in
February an immediate commencement of cutting
should be considered. Cutting in the rain has
salvaged many crops. Once canes have been cut the
amount of mould development, splitting and berry
drop will be reduced. In salvage situations wetting
should be done as soon as vineyard access allows.

Equipment

Hand secateurs and short handled pruning shears
are suited to the speedy cutting of the fruiting canes
and are less dangerous than pneumatic secateurs as
the operator’s vision is often obscured by foliage.

Cutting

Date Maturity Maturity Drying Wet Yield Dry Yield
°Brix °Baume Ratio (tonnes/acre) (tonnes/acre)

February 8. 18.7 10.4 4.5 13.5 3.0

February 15. 19.7 10.9 4.4 14.1 3.2

February 22. 20.8 11.6 4.1 14.3 3.5

March 1. 21.8 12.1 3.8 14.5 3.8

March 8. 23.0 12.8 3.5 14.6 4.2

In preparation for Summer pruning, canes should 
meet the wire at the same point.
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Procedure 

The fruiting canes are cut at the wire and just
beyond any replacement canes required for next
year’s crop. However, cutting too far along the wire
will increase crown picking costs unnecessarily. A
simple test to ensure all fruiting canes have been
cut is to push the canes along the wire. If the
sideways movement is restricted then a cane has
most likely been missed. 

Canopy Retention

It is critical to retain at least 50% of the leaf canopy
during summer pruning to enable the vines to
continue to function and maintain future yields.
Cutting fruiting canes away from the wire and too
close to the crown can reduce the canopy area
beyond this critical level. It is important to resist
the urge to get a head start with winter pruning.

Speed of Operation

Typically, a skilled summer pruner can cut about
0.3 to 0.4 hectare (0.75 to 1 acre) of vines per day.
Cordon-based trellis systems enable the cutting
operation to be mechanised and undertaken at the
much faster rate of up to 0.4 hectare per hour.

Inspection

It is important to ensure canes are not missed.
Proper training and supervision of staff undertaking
summer pruning is essential to avoid quality and
harvesting problems caused by fresh fruit on missed
canes. Future yields decline if too much canopy is
cut. Growers need to monitor the performance of
workers and rectify the situation if the task is being
undertaken poorly.Cut at the wire and just beyond required replacement 

canes for next season.

REMEMBER
This is summer, not winter pruning. 

Canopy retention is critical. At least 50% of the foliage must be left to avoid reducing next year’s yield. Currants can be 
successfully trellis dried as shown above.
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The aim of crown picking is to remove the 10 to
20% of bunches that are not attached to the severed
canes. The fresh grapes, if left unpicked, will
contaminate the harvested fruit and cause quality
problems with colour variation and adhering leaf.
This operation includes cordon picking for
advanced mechanised systems, although the
sagging of the cut canes away from the cordon
usually provides an effective separation of the fresh
and dried grapes for harvesting. In these
circumstances, the economics of picking of the
cordon bunches will depend on the number
occurring in this zone in any given year.  

Spring Procedures

The removal of crown and cordon bunches in
spring is viewed as a desirable aspect of a
mechanised system. The aim is to rapidly remove
bunches in spring so that the remaining bunches
will be enhanced thereby minimising any crop loss
and eliminating the need to pick crown or cordon
bunches during the harvest period.

Timing of Picking

Depending on drying conditions, the crown
bunches should be picked within three to five days
after cutting. At this time, the appearance of the
bunches on cut canes should be readily
distinguished from crown bunches. Cordon-based
systems allow an immediate identification of
cordon bunches following cutting, allowing picking
to be undertaken at once if desired.

Procedure

The bunches are hand-picked and placed on the
fruiting wires away from the crown of the vine. The
bunches should not be placed on the foliage wires
or trellis head as these will be outside the picking
zone of the harvester. In heavy crops it may be
necessary to pick into containers for rack drying.
The crown pickers, preferably working in pairs,
should always carry secateurs and cut any fruiting
canes that have been missed, in preference to
picking the fruit off the uncut canes.

Speed of Operation

Typically, a crown picker can cover 0.2 hectare (0.5
acre) per day or approximately half the area of a
worker summer-pruning.

Inspection

The grower should inspect the vines after crown
picking to check for uncut canes and missed crown
bunches. The canes can still be cut or bunches
picked and placed on the fruiting wire if found
more than one week prior to harvesting. If fresh
fruit is noticed after this period the bunches should
be removed from the area to be picked by the
harvester.

Crown Picking

Cut at the wire and just beyond required replacement 
canes for next season.
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Chemical Cordon Bunch Removal

The use of ammonium nitrate at 1.7% has been the
normal practice, when the growth tip is clear of the
direct spray and the bunch at a size making it easy
to spray (early-mid October). However, ammonium
nitrate has been withdrawn from manufacture in
Australia and restrictions apply to its storage and
conditions of supply.  Calcium nitrate has been
trialled as a replacement for ammonium nitrate at a
rate of 2.4%.  Calcium nitrate has been found to be
equal to or better than ammonium nitrate.  Further
research is planned on the most efficient method of
use.

Sprayer set up for cordon bunch spraying.

Spraying cordon bunches.

Dead cordon bunch four days after spraying.

Carina bunch before spraying.

Seven days after spraying.
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Producers that have undertaken the preparatory for
trellis drying tasks well are rewarded during the
harvesting operation. Patience during the drying
phase is a virtue for producers keen to start
harvesting. 

Growers experienced in trellis drying comment that
it is initially difficult to cope with the lack of
harvesting activity whilst frenzied hand picking is
occurring elsewhere. This urge to collect the crop
can result in premature attempts to harvest.

Moisture Content

The fruit is readily harvested when the stems are
brittle at about 16% moisture content or less. Fruit
is more difficult to remove at higher moisture levels
and efforts to do so can result in berry damage. 

Experience shows that fruit will normally dry to
this level in about 20 days depending on the
weather. Many growers and researchers feel that
initial berry moisture loss is assisted by the severed
leaf canopy drawing moisture from the bunches.
Fruit can be left on the vine for prolonged periods
in adverse drying weather, if necessary.

High  quality light colored fruit can deteriorate
rapidly in storage if the moisture content is not
reduced to 13%.  Growers should make every
endeavour to finish fruit to 13% as soon as
possible.  Access to dehydration equipment is
important in achieving this.

Time of Day

Harvesting is undertaken when the fruit is dry and
the stems brittle. A good test of appropriate stem
brittleness is when leaves on cut canes shatter when
crushed in the hand. This is usually achieved at
about noon and the fruit usually remains in a
harvestable condition until late in the night,
depending on dews developing during the night.

Types of Harvesters

There are a number of types of harvesters capable
of removing trellis dried fruit. However, some do a
better job than others. The critical factors for
assessing harvester performance are: vine damage
especially to next season’s canes; the thoroughness
of fruit removal; the amount of fruit wasted during
the collection and cleaning processes; berry damage
during harvesting and the movement of fruit to the
storage bins; and the amount of course stalk or
trash remaining in the harvested fruit. If the
harvesting operation is to be contracted then the
skill and reputation of the contractor should be
assessed and trash removal considered.

Harvest ing

Small tractor-mounted harvester suitable for T trellis.

Radial Head Harvester.
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Harvester Operation

Harvester preparation is important. Attention to
maintenance and enhancing harvester performance
before the picking season commences is time well
spent. Machinery reliability is an important factor
towards easing the management demands on
producers during the harvest operation. The areas
most prone to failure are: the harvester's beater
assembly; conveyor belts and buckets; and
bearings.

At the commencement of harvest, the beater
assembly should be adjusted to ensure satisfactory
dislodgment and collection of fruit while causing
minimal fruit and vine damage. To achieve this the
beater speed should not be more than is necessary
to remove the fruit. The depth of stroke and beater
positioning will vary from one trellis type to
another. The beating action should be restricted to
the fruit zone as next year's replacement canes can
be easily damaged. The use of foliage wires to aid
separation of fruiting and replacement canes is
valuable.

An over-row self-propelled harvester picks large areas
quickly.

A double-sided harvester picking Swingarm trellis.
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Harvester Operation

Fruit falling in front of the collection system should
be monitored and the beater action modified to
minimise this. Trellis wire tension should be firm to
minimise sagging and reduce fruit movement ahead
of the harvester. 

Grower experience indicates that fruit spillage does
not exceed that which occurs during hand picking.
The harvester's cleaning fans remove dried leaf
matter and other trash but should be monitored to
ensure sound berries are not being blown out in
significant quantities. A balance between fruit
cleanliness and fruit loss needs to be determined as
non fruit matter such as bunch stems is a major
concern to consumers and adds significantly to
processing costs. 

Proper adjustment of the harvester’s fans to remove
trash is important if a high quality and safe product
is to be delivered to processors and penalties for
contaminated fruit are to be avoided.  Adhering leaf
is a concern with trellis dried fruit but this can be
minimised if the fruit is dry before harvesting.

Wet or blobby fruit is readily damaged causing the
berries to become sticky and easily contaminated.
The amount of leaf in the fruit will be reduced if
the harvester's air extractors are operating
efficiently. The harvester should be well maintained
during the harvest period. Conveyor systems
require frequent cleaning to avoid fruit residue
build-up and clogging. 

There are various handling systems for the removal
of fruit from the vineyard. These include bulk bins
and purpose built trailers. The type of harvester and
the size of the operation are important factors in
determining the best handling system for a grower.

Gleaning

Gleaning is the manual collection of fruit not
removed during the harvesting operation, or fruit
which has been knocked outside the collection zone
of the harvester. Gleaning can be undertaken during
harvesting if little fruit is missed. If the amount of
fruit left behind is large, then it is usually collected
into 20 litre carry containers as a distinct operation. 

The system to remove gleaned fruit from the
vineyard also needs to be efficient. One method
used successfully is to empty the 20 litre containers
into woolpacks scattered every 50 metres along a
row. The bags are dragged under the vines from one
row to the next before being emptied into bulk bins
for removal from the vineyard.

With hanging cane-based systems, such as the
Shaw Swingarm trellis, gleaning is not usually
necessary as the vine crowns do not interfere with
the beater action.

A Korvan harvester in operation.

Manual collection of any remaining fruit may be 
required after mechanical harvesting.
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Finish drying is usually undertaken in bin
dehydrators as part of a mechanised systems
approach. However, ground drying is also
undertaken by some producers. 

The decision on which type of finish drying system
is to be used is usually determined with regard to:
the tonnage to be handled; labour availability; and
grower preference. 

Finish drying is often the bottleneck in a trellis
drying operation and therefore storage of fruit
needs to be considered. As fruit can darken in
storage, finish drying should be undertaken as soon
as possible as the storage of hot, wet fruit must be
avoided if light colour is to be retained. 

Bin dryers operate at 60°C (140°F) and usually
finish dry fruit to 13% moisture content in about six
to ten hours, depending on the prevailing weather.
Drying systems that recirculate heated air have
lower operating costs. 

An even distribution of the fruit within the bin and
careful monitoring of temperatures along the bins is
required to achieve even drying and to avoid hot
spots that can damage fruit.

Caramelisation of the berry sugars can occur if
dehydrator temperatures rise above 65°C (150°F)
for sustained periods. On completion of finish
drying it is important to cool the fruit before

boxing. This is done by running the dehydrator fan
for a few hours. Fruit that is cool when boxed
retains its colour and clumps much less in storage
than fruit that is boxed while hot. 

Growers who harvest into storage bins often box
the finished fruit and refill their bin dehydrators in
the morning before recommencing harvesting in the
afternoon. The finish drying process often results in
improved quality grades being achieved. Bins of
fruit awaiting delivery to the processor should be
stored in the shade to avoid the sun heating the
fruit. 

Generally trellis-dried fruit is free from weed seed
and stone contamination. However, care needs to be
taken when using forklifts not to dig up stones and
other contaminants which may fall onto the fruit.
Bin runners should also be checked for
contaminants. A grassed area free of spiked weed
seeds is valuable for bin storage and for
undertaking the finish drying operations.

Finish Drying

High quality trellis dried fruit stores and processes 
well to achieve an excellent end product.

Bin dehydrators finish dry fruit in 6 to 10 hours, depending on weather. Use of bin tippers reduces manual exertion 
required to finish dry fruit and box it ready for delivery.
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Maintaining vine vigour is important to obtaining
continuing acceptable yields from trellis drying.

Irrigation Strategy

The vines should be irrigated as soon as practicable
before cutting and after harvesting. Vineyard access
for wetting and cutting is important, therefore the
property's soil type; irrigation system; and
impending weather will need to be considered
before scheduling irrigation. Controlled irrigation
systems such as undervine, drip and sub-surface can
reduce the delay in getting onto the property after
irrigating. A grower’s soil management system will
also affect vineyard access after irrigation and rain.

Fertiliser Strategy

Fertiliser application is also a consideration for
maintaining vine vigour. Research has shown that
vigorous rootstocks, such as Ramsey, obtain
sufficient nutrients through their extensive root
systems in most situations. Excessive vigour may
result from the over application of nitrogen to
rootstock vines. However, post-harvest applications
of nitrogen may be beneficial where vine vigour
has been poor. Early leaf yellowing is often
indicative of low vine nitrogen status. Nitrogen
application and uptake during the post harvest
period will meet the vine’s nitrogen needs during
early spring growth.

Weed Control

Weed control along the vine rows is important as
weeds, such as Fat Hen, Calthrop, Bathurst Burr
and Gentle Annie can cause problems and
contaminate fruit. Generally, a trellis and bin drying
system will reduce the likelihood of spiked weed
seed contamination in the fruit.

Pruning

Summer pruning does not replace winter pruning
on traditional trellis systems. As previously
mentioned, pruning and rolling on are important
parts of an efficient trellis drying operation by
enabling the fruiting canes to be readily located and
cut at the wire during the harvest. The winter
pruning effort required for cordon based systems is
much less than for rod pruned systems, particularly
for vigorous vines.

Canopy Management

The retention of 50% of the canopy during summer
pruning is critical. Cane damage during harvesting
can be reduced by utilising foliage wires to separate
replacement and fruiting canes. Foliage wires can
also increase fruitfulness by better exposing
replacement canes to sunlight during bud initiation
in November and December. Tall trellises are useful
in utilising the larger canopies of vigorous
rootstocks. 

Vine Care

ADVANCED TRELLIS SYSTEMS

Advanced mechanised systems have been
developed based on permanent cordons and
hanging cane principles. The Shaw-type trellis
systems aid the speed of harvest operations and
also reduce the winter workload. The reduced
reliance on labour and the rapidity with which
the cutting operation can be undertaken reduces
costs and the risks of crop loss. The spreading
of the fruiting zone obtained with angled
trellises also improves bunch separation, an
important feature for high yielding vines.
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Advanced Trellis Systems

Maintaining cordon health is important if advanced
mechanised systems are to be sustainable. Early
vine training to establish and develop strong canes
on the wire is crucial. Replacing weak or dead
cordon arms can be difficult. 

Single cordons appear to maintain better health than
double cordons. This is thought to be due to the
single cordon maintaining 50% of its foliage
throughout summer whereas most of the foliage
from one of the double cordons is cut each year.
The development of the Shaw Swingarm trellis
ensures a better positioning of replacement shoots.
It also provides a more open canopy which
improves air movement and spray penetration for
disease control and drying operations. 

The removal of some of the leaf canopy covering
the fruiting zone on Shaw type trellises prior to
wetting aids the application of drying emulsion;
improves direct sunlight on bunches; and reduces
the amount of leaf matter available to adhere to
fruit during harvesting. The targeted canopy is
removed by sucking the leaves into a fan. The fan
blades mulch the leaves whilst a protective metal
grid prevents fruit bunches being drawn into the
cutting area.

The leaf remover is towed behind the tractor 
enabling a large area of vines to be covered quickly.

Shaw Swingarm trellis in winter, spring and at harvest.
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Managing Swingarm Trellis

Establishing grape vines correctly with strong
healthy cordons is essential when developing vines
to Swingarm trellis.

Important points to consider:

• Planting distance between vines - depends on
soil type, rootstock and scion varieties used, and
can vary between 3.0 - 4.8 m (or 10 – 16 feet).

• Plant vines near posts to avoid making the
trunks bow.

• Disbud trunks leaving the top 3 buds from
which to select the shoots to form the cordons.

• Train cordons over the top of trellis posts, not
around the side. This allows the trellis to swing
over easier and reduces cordon interference with
summer pruning.  Alternatively train away from the
post.

• Train the cordons beyond the planned length
and train the ends onto lower wires or allow to
hang. These will be pruned to length in winter.

• Remove the dominating canes at the ‘crown’ of
each vine, failure to do so will result in these canes
dominating and causing the demise of the
developing cordon.

• Make the ‘crown’ area as small as possible.

• Make sure that there is enough space left near
the trellis frame and cordon to allow the trellis
frame to swing freely.

• Cut back lateral shoots along the cordon leaving
the basal buds to encourage the extension and
sizing of the cordons.

• Prune any further laterals off to basal buds
during winter.

During the following Spring and Summer:

• Select the canes to be grown for the following
season and thin out any unwanted canes. The
position of retained canes needs to be carefully
considered, taking into account their position and
the ease with which they can be rolled over in the
trellis system.

• Canes should be spaced evenly along the
cordons (20 cms) or about 3 – 4 canes per metre
(less in the first production year to prevent over-
cropping).

• Remove any dominating canes around the
crown close to the trunk.

Ivan Shaw and his Swingarm trellis designed to 
mechanise harvest of large crops.

Keep crown compact and remove dominating canes.

Train cordon over the top of posts.
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Planning a New Patch for Swingarm Trellis

Important points to consider when developing a
new section of vines to Swingarm Trellis: 

• Distance between rows usually 3.3m.

• Distance between vines varies due to soil type
scion variety and rootstock used, and can vary
between 3.0 - 4.8m.

• Width of headland is a minimum of 6.0m  Use a
large strainer post due to a heavy load on the trellis.
It should be put in at the same height as other posts.

• A good size post is required because all the
weight is on one side.  The common post spacing is
four metres, but is dependent on vine spacings.

• Drill top hole for coach screw 50mm from top
of post and bottom hole for brace 500mm below
top hole, drilled on a 10 degree angle (a basic jig
helps this task).

• Put brace in post as soon as possible after
drilling as it closes up slightly.

• Leave coach screw slightly loose to give trellis
head some movement (grease will help prevent
corrosion)

• Trellis will require six wires plus cordon wire.
(Cordon wires need to be strong, as it is almost
impossible to pick up a cordon properly after the
wire has broken).

• The outside wire of the trellis system should not
have knots or joiners, especially if a cane shredder
may be used in pruning. 

• If possible fruiting wires on strainers should be
at cordon height to prevent tightening and
loosening of wires when the trellis is tipped.

• Use up to six wire spinners on a trailer, tie wires
to strainer and drive to the other end of the row,
running wires out onto the ground.  Tie off at the
other end, the lift wires up and lock into place on
trellis head.

• Fit wire strainers part way along the row.

• Trellis to be set up facing each other (low side
of trellis in same row).

• The foliage arm is to be placed on the high side
of trellis leaning over the low side.

• If a large patch is being redeveloped,
consideration should also be given to redeveloping
the irrigation system.

Train cordon over the top of posts.

Top: Prune lateral shoots along cordon back to base 
buds while cordon is establishing.

Centre: Select bud sites and remove unwanted and 
weak shoots.

Bottom: Swingarm trellis can be established and 
cropping in two and a half years with diligent work.
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Reworking Existing Vines to Swingarm Trellis

There are a number of methods to convert existing
vines to Swingarm trellis especially if they are on a
vigorous rootstock and are of good health. 

These include:

• Cut off the top of the scion variety and train up
a shoot coming from bursting dormant buds in the
vine trunk. Great care needs to be taken when
training these shoots as they are very tender and
can be easily broken off.

• Select one or two dormant canes from the crown of the vine in winter and train up to the cordon wire. 
These can either be trained along the wire to create the cordon if long enough, or cut the canes to length at 
the cordon wire and then train the new shoots along the wire to create the cordon.
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Reworking Existing Vines to Swingarm Trellis
cont...

• Select the canes and crop the vine lightly while
establishing the cordon. This method is not
recommended unless the vines are very vigorous as
the cropping can prevent the cordon from
developing as strongly as strongly as possible.

• Inter planting the existing vines with new vines.
This method may delay the conversion process as
the existing vines will be competing with the new,
smaller vines. The new vines need to be tall enough
to be clear of the canopy of older vines and not
shaded to allow the new vines to establish properly.
Once the new vines are established the old vines
can be completely removed or sawn off and the
fresh cut treated with glyphosate.

Key Management Strategies

There are a number of key management strategies
for Swingarm trellis that should be considered with
the total management of a summer pruned vineyard.

Post Harvest Management
The vines need to be irrigated after fruit has been
harvested to prevent the vine going into premature
dormancy after a long drought period during the
fruit drying period.
Fertiliser should be applied post harvest to help 
replenish carbohydrate reserves in the vine and
enable a good strong bud burst in the following
season. The fertiliser used would possibly be a
balanced N:P:K blend but importantly at least
having a high nitrogen content.

Pruning operations

There are a number of important issues to consider
in the pruning process. Prune off all dominating
shoots around the crown of the vine removing the
basal buds where possible. Select the replacement
canes for the next season. These should be evenly
spaced along the cordon and spaced about 20 cms
apart or about 3-5 canes per metre of cordon.  

Select the replacement cane bud sites so that they
are in the best position for use in the following
season. The replacement sites should be pruned
leaving the base buds of the spur. Downward facing
spurs are not in an ideal position and should be
removed. If the canes are to be rolled along the
bottom wire of the swingarm, they need only be
tucked behind each other rather than rolled along
the wire with conventional T trellis. 

Canes can be trimmed to length below the bottom
wire and left hanging, although these may be a
problem falling through the trellis after summer
pruning and may also bunch up during harvesting
depending on what type of harvester is used.

HELPFUL HINT
Drawings of Swingarm trellis and a

computer program to help with planning and

costing for the development of a patch  are

available from the ADFA.  
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Key Management Strategies cont...

Springtime operations:

• Cordon Bunch Removal
The removal of cordon bunches is an important
operation especially in Carinas and Sunmuscat as
they are fruitful back to the basal buds. The best
time to remove the unwanted cordon bunches
chemically is before flowering and when they are
small and tender enough to be burnt off by the
chemical treatment and not shielded by the
surrounding leaves usually in early – mid October.
Ammonium nitrate was used before restrictions
were applied to its supply, and calcium nitrate has
been trialed with results showing that it is equal to
or better than ammonium nitrate. Further research is
to be conducted to develop this method to be
reliable from season to season.  Cordon bunches
can also be removed by hand in spring, picked out
at harvest or left on the vine. These options may not
be cost effective or have potential to reduce the
quality of the summer pruned fruit when harvested.

• Capturing the new replacement canes 
There is a limited time when this operation can be
carried out. This involves releasing the floating
wire from its support, pushing and capturing the
replacement canes at the top of the trellis with the
wire into the hook on the trellis frame. The new
replacement canes are then held up into the sunlight
and also not be able to fall down over the fruit,
allowing better access to the fruit for spraying.  

The best time to carry out this operation is when:
the canes are long enough not to fall out from
between the two wires; the canes are strong enough
not to break and canes have not matured too much
so they won’t bend and push into place.

• Irrigation management
Maintaining adequate soil moisture is critical
around the berry setting period. This seems to be
even more critical for some rootstocks that have a
large proportion of roots in the top 30 cms.

The irrigation schedule for Swingarm trellis may
need to be increased as there will be higher
transpiration from the larger canopy as well as the
vines will be carrying a larger crop load than most
vines on T trellis. 

Sunmuscat sheds berries very readily and this may
be attributed to moisture stress at berry set as well
as being on a rootstock with a higher density of its
roots near the top of the soil profile.

Summer Operations:

• Sunburn control
Sunburn may be a problem particularly on rows
with fruit on the north to north-westerly side of the
trellis. Vineyard floor management to reduce
radiated heat (ie. minimal cultivation) should be
considered.

• Improving airflow
Because of the tall sail like nature of the trellis
when the canopy is fully developed, airflow
through the vineyard can be reduced. This may
increase the risk of disease in the vines as well as
retarding drying during the summer pruning
process. To assist airflow, vines can be skirted to
just below the crop on the fruiting side of the
trellis.The canes growing down over the top of the
non-fruiting side can also be topped back closer to
the top of the trellis. This operation will also make
access easier for wetting and harvesting operations.

The spread of the fruiting zone is visible with these 
Sultana bunches on Shaw Swingarm trellis.
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Hanging Canes or a Staged Development  for
Swingarm Trellis

Growers considering the redevelopment of their
vineyards for mechanised trellis drying may
consider a staged development program using a
modified hanging cane system.  

This will reduce initial capital investment
requirements and permit on going development to
Swingarm trellis when further funds become
available.

The hanging cane system provides the option of
obtaining many of the advantages of trellis drying.  
This system may be further developed into
Swingarm trellis without any significant further
redevelopment of the vine cordon structure. 

It is suggested that the cordon height of any new
hanging cane cordon development should be on a
1.75m high single wire to enable future
development to Swingarm.

The tall 1.75m cordon provides additional area for
development of foliage, light penetration and ease
of harvesting of lower hanging fruit.  It also gives
improved protection from both soil and mould

spore contamination of fruit on low hanging canes.
Two additional wires are run vertically underneath
the cordon wire. The first wire is spaced 350mm
below the cordon and the second, 650mm down.
During winter pruning, short canes are bent down
and wrapped onto the first wire (350mm down).
Canes that are longer and are more developed are
wrapped down onto the bottom wire (650mm
down).  All canes are wrapped on the side of the
vine facing the afternoon sunlight. 

An additional floating wire may be used alongside
the middle wire in order to further trap the fruiting
canes into position. This wire can be captured in a
bent staple or clip adjacent to the centre trellis wire.
This will help prevent the summer pruned canes
from rolling away from the vine and either fall to
the ground or end up too close to the ground
making harvesting difficult. 

Carinas drying using captured hanging canes.

Rolling canes onto lower trellis wire.
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Hanging Canes or a Staged Development  for
Swingarm Trellis cont...

Chemical cordon bunch removal creates a risk to
the developing crop beneath the sprayed cordon.
Any excess runoff of chemical many fall on these
bunches causing complete loss  or severe damage
of individual bunches. Machine summer pruning is
more difficult than on Swingarm trellis as a cutter
bar needs to be manoeuvred around trellis posts and
the crowns of vines where ease of vision of the
cutter is limited by the foliage. 

Hand cutting may need to be the method of summer
pruning. This system requires more labour input
than the more advanced Swingarm trellis and is
more suited to grape varieties with strong vigour
and natural vertical cane development eg. Carinas
and Sunmuscats.

One style of clip available to hold the floating wire.

Canes rolled onto lower wire during winter.
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Golden Rules  of  Trel l is  Drying

When considering trellis drying as it applies to your business, the factors to assess are:

vine vigour; present yield; trellis type; vineyard layout; access to wetting, harvesting

and finish-drying equipment; and risk management. 

Attention to all trellis-drying procedures is critical if a satisfactory result is to be

achieved.

Wetting

• Wetting should be undertaken within a one day period either before or after cutting..

• Wetting equipment should be properly set up for the patch to be wet by locating nozzles to 

maximise bunch coverage.

• Growers currently apply 22,000 - 33,000 litres per hectare (2,000 - 3,000 gallons per acre) at 

ground speeds of about 1.5 km per hour. About two thirds of this emulsion is caught and 

recirculated leaving 7,000 to 11,000 litres per hectare on the vines, depending on crop size.

• CSIRO research has shown the most cost-effective drying emulsion rates to be 0.5 litres of 

drying oil per 100 litres of water (0.5%), and 0.6 kilograms of potash per 100 litres of water 

(0.6%). 

• A second application may need to be applied if it rains heavily within 5-7 days of the initial 

application, or a touch-up with a hand-held spray is required to more adequately cover 

clumped, tight bunches likely to result in blobs.

Cutting

• Summer pruning involves cutting the fruiting canes at the wire just beyond any replacement 

canes required for next season.

• As 50% of leaf canopy must be retainedgrowers should resist the urge to cut more than the 

fruiting canes. Cutting is not a substitute for winter pruning.

• Winter pruning and rolling-on can aid the cutting operation by having all canes grouped as 

they meet the wire.

• Commence cutting so that this job is completed by around March 7. Ideally cutting should 

commence around February 20, when fruit maturity should exceed 20° Brix (11.1° Baume).

• A worker should cut between three-quarters to one acre of rolled-on fruiting canes a day.
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Golden Rules  of  Trel l is  Drying

Crown Picking

• Crown picking should be undertaken after three to five days of cutting. Bunches picked within

this time frame can be placed on the fruiting wire.

• Crown pickers should cut any missed fruiting canes.

• A worker should cover about 0.2 hectare (0.5 acre) per day.

• Growers should check to ensure all canes have been cut and crown bunches removed.

Fruit picked within a week of the expected harvesting date should be removed from the 

harvester's picking zone.

Harvesting

• Harvester performance should be ascertained prior to harvest commencement and machines 

properly set up for the patch to be picked.

• Harvesting should not commence until the moisture content of fruit is reduced to about 16%.

• Harvesting should be undertaken after noon when the fruit is dry and bunch stems are brittle. 

If the dried leaves from the vines shatter when crushed in the hand then bunch stems are 

usually also brittle enough for harvesting. Some experienced growers prefer harvesting at 

night when the fruit is cooler and less prone to damage.

• Harvesters must be maintained and regularly cleaned during the harvest to prevent fruit 

damage and stoppages.

• Harvester operators need to closely monitor the level of vine material that is harvested with 

the fruit as excessive levels will attract a penalty from the processor.

Finish Drying

• Finish drying can be a bottle-neck in trellis drying operations therefore storage is a 

consideration.

• Fruit should be finish dried as soon as possible to avoid darkening in storage.

• Bin dehydration at air temperatures of 60°C (140°F) should be monitored regularly to avoid 

hot spots that can lead to uneven drying and fruit damage.

• When dry, the fruit should be cooled by running the fan without the burner for a few hours.

Vine Care

• Vine care is important to maintain vine vigour and yield. Irrigate as soon as practicable before 

and after cutting whilst allowing for vineyard access for wetting and harvesting.

• Post-harvest nitrogen application should be considered for vines lacking vigour.
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Dried grapes are not the product of a sterile factory,
therefore the contamination of a grower’s
production with snails, weed seeds, stones, other
non-fruit objects and other fruits is a possibility. 

Growers should make every endeavour to prevent
contamination of the fruit as it increases the cost of
processing and may damage the image of the 
Australian industry as a supplier of quality fruit.
Contaminated fruit slows throughput during
processing, requires additional labour to treat the
fruit and has led to the installation and operation of
expensive equipment such as laser scanners. The
rejection of a run of fruit by the processor's quality
control staff. Results is costly and damaging
reprocessing.

A much greater cost to the industry may be lost
sales resulting from the industry's inability to meet
the specifications of major users.

In recent years there has been a substantial
investment by processors in sophisticated
equipment to remove contaminants. However, this
laser scanning equipment does not operate with
complete effectiveness on all types and varieties of
fruit.

The industry's processors are attempting to remove
all contaminants, however this is not yet achievable
given the constraints of processing equipment and
the cost of hand inspection.
The challenge of meeting the increasing
expectations and requirements of consumers is one
that demands the united effort of growers and
processors. 

This section identifies the contaminants of concern
to the industry and provides a guide to the
procedures that should be adopted to minimise the
risk of contamination. 

The range of metal contaminants removed by powerful magnets during the processing of dried Sultanas.

Contaminants



Excessive Stalk

Although stalk is a natural part of the bunch
structure it is also a costly and prevalent
contaminant. It is a leading cause of customer
complaint, product rejection, and increased
processing costs. Bunch stalk is difficult to remove
completely during processing as it becomes
imbedded in fruit berries and passes through the
processing line into the final product. Recent
changes to the tolerances for stalk clearly
demonstrate the importance being placed on this
contaminant by customers.

The reduced tolerances have been introduced to
meet the competitive pressure from improved fruit
that is triple handpicked in low labour cost
countries such as Turkey. 

To achieve lower levels of contamination
processors have slowed the processing rate,
increased blowout of waste and fruit and
installation of expensive laser scanning equipment. 

This has added significantly to the cost of
processing. 

The inclusion of bunch stalk in fruit deliveries is a
false economy for growers, as the stalk is very light
in weight, and the additional costs of processing
reduces returns to growers. 

To minimise bunch stalk contamination growers
should:

• Shake and box fruit at the correct moisture
content to avoid embedding stalk into the fruit.

• Closely monitor the effectiveness of harvester’s
stalk removal.

• Remove bunch stalk collected from the fruit
during the spreading of fruit for finish drying.

• Not top bins containing stalk with fruit.

• Not return collected stalk to fruit.

Embedded Leaf

Embedded leaf is a problem usually associated with
trellis drying. However poor spreading of fruit on
the rack where leaves are not removed and blobs
are present at the time of shaking can lead to
embedded leaf. Careful attention to all facets of the
trellis drying operation is required to avoid
embedded leaf which is very difficult to remove
during processing.

Other Varieties

One variety of dried grapes can be contaminated by
fruit of another variety. For example, Sultanas can
be contaminated by Currants. 

To avoid this type of contamination growers
should:

• Check empty bulk bins for residual fruit and
remove if present.

• Properly clean ground sheets and berry hessians
during and after the drying season.

• Completely remove fruit from racks during rack
shaking prior to refilling with a new variety.

• Avoid drying multiple varieties on the same
rack and if this is necessary separate the fruit by
leaving at least one empty panel.

• When handling fruit for storage or delivery keep
varieties separate and do not stack differing
varieties on top of each other. 
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Bunch and Other Vine Matter

Stalk should be removed during harvest or finish 
drying, and not delivered to processors.
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Major buyers in Australia and overseas test for
chemical residues and compare to maximum
residue limits (MRL) permitted in that country.
Samples of Australian dried grapes are tested by the
industry to ensure residues are below the maximum
residue limits permitted in worldwide markets. 

Maximum Residue Limits

The use patterns recommended on agrichemical
labels are based on residue degradation trials. If the
use pattern on a label is followed, residues should
degrade to below the Australian MRL within the
specified withholding period. However, some
countries have different MRLs to Australia and
frequently these are set as nil. The industry must be
very careful that residues are minimised to ensure
the tolerance limits of markets can be met. The
industry has introduced modified chemical
withholding periods to ensure the MRLs of major
markets are not exceeded. 

The following table provides examples of these
modified withholding periods. The current
recommendations are published in the ADFA
Spray Diary each year.

Chemical  Residues

IMPORTANT
A Maximum Residue Limit is the maximum
percentage of chemical permitted in a food

product, usually expressed as milligrams per
kilogram. MRLs are set for each food crop

such as apples, grapes, potatoes etc. and will
vary depending on average consumption of
the food type. Foods eaten in large volumes

will have MRLs lower than those eaten
infrequently in small amounts. In addition to
testing for chemical residues, overseas buyers

are requesting information from the
Australian industry about the chemical

residue status of dried grapes. This
information is required to comply with

import regulations and food safety codes.



Routine Residue Testing and Traceback 

The fruit deliveries of dried fruit growers have been
routinely tested since 1987. If a residue is detected,
all subsequent fruit delivered by that grower is
tested and the source of the residue is traced on the
grower's property.

Special treatment charges are applied to growers
who deliver fruit with unacceptable residues, and
occasionally fruit has had to be destroyed. The
frequency of violations has been reduced
significantly since the testing and traceback
program commenced.

The screening program initially focused on just a
few banned and problem chemicals, but it now
includes commonly used chemicals considered
likely to be present in fruit if used incorrectly. 

Grapes and Chemical Residues

Various physical and chemical processes determine
whether a pesticide degrades or persists until
harvest and during drying. The importance of each
process depends on the chemistry of the individual
pesticide or fungicide. 
The grape residue trials undertaken by
Victorian DPI showed that some chemicals are
concentrated by drying, while others degrade
quickly depending on:

• The stability of the residue in alkaline drying
emulsion.

• How well the residue is bound into the berry
wax, or how much is absorbed into the berry.

• How susceptible the residue is to sunlight or
high temperatures.

If a chemical is persistent then the drying process
increases the concentration of the residue and
results in higher readings for dried than fresh
grapes.

Keeping Spray Records

The ADFA Spray Diary is provided to growers each
year to enable a record to be kept of the sprays
applied during each season. 

The Spray Diary provides a useful record to enable
future correction if a pattern of chemical use leads
to a residue problem. 

It also enables an analysis to be undertaken by the
grower of the effectiveness and cost of various
spray programs in controlling pests, diseases and
weeds. 

Spray records can also be used to ascertain if the
program being undertaken could lead to resistance
buildup in the targeted pest, disease or weed.
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The chemical residue tests are applied to each 
variety of fruit from every grower.

IMPORTANT
Chemical records are a requirement of some

Governments. In 1996, the Victorian
Government made records compulsory for all

Schedule 7 agrichemical and chemicals
containing Atrazine, Metham sodium, and

Ester formulations of MCPA: 2,4-D; 2,4-DB;
or Triclopyr. Schedule 7 chemicals used in
dried grape production are Methidathion;

Oxyfluorfen; Paraquat; Parathion; and
Parathion-methyl.
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Minimising Residues in Dried Grape

If good early season control of pests and diseases,
such as mealybugs and powdery mildew, is
achieved then the incidence and severity of pest and
disease outbreaks later in the season is reduced. The
benefit of good early season control is that fewer
sprays will be needed throughout the season and
fewer late season sprays are necessary, reducing the
accumulation of pesticide residues.
It is the sprays that are applied later in the season
that pose the greatest risk of leaving unacceptable
residues. 

By spraying after berry softening less time exists
before harvest for the chemical to degrade and the
berry will also capture more chemical due to it
having a larger surface area. 

However, some chemicals are so persistent that
spraying at any time of year causes residue
problems. 

By complying with the manufacturer’s withholding
period and for certain chemicals the withholding
periods recommended by industry, the residues
should not be a problem if the sprays are applied
correctly.

A large Sultana canopy may seem to need a large
volume of spray later in the season. If the mixing
recommendation is followed, and high volume
sprays are applied, the total amount of chemical
applied per hectare is high and can lead to
unacceptable residues. 

Sprayers should be calibrated so that the minimum
amount of chemical required per hectare is applied,
regardless of the volume of water. If the label does
not provide a rate per hectare, the chemical
company can provide it.

The amount of chemical applied per hectare and the
total number of applications in a season can be
reduced by properly setting the spray unit to
provide good coverage. 

Surprisingly few spray units are set up for efficient
operation. 

If chemical sprays reach the target efficiently,
reduced rates of application for effective control are
possible. 

A revision of the rate and volume of spray applied,
especially late in the season must accompany
improved coverage. 

IMPORTANT
If spraying is necessary after berry softening,

the chemical should be selected very
carefully. Choose a chemical that breaks
down during drying, and is acceptable in

overseas markets. Further current
information on the suitability and

compatibility of chemicals is available from:
the ADFA Spray Diary published annually;
local departments of primary industry; and

agrichemical distributors. 

KEY POINT
Chemical labels usually recommend mixing

chemicals in grams per 100 litres. It is
important to calibrate application rates in

millilitres or grams per hectare and not
millilitres or grams per 100 litres.

Chemical residues should not pose problems if  the 
recommended witholding periods are  observed.
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Spiked Weed Seeds (Prickles)

Weeds that produce spiked weed seeds are of
concern to the dried fruits industry:

• Caltrop or California Puncture Weed (Tribulus
terrestris). 

• Three Cornered Jack (Emex australis).

• Gentle Annie (Cenchrus longispinus). 

• Khaki Weed (Alternanthera pungens). 

These weeds can produce over a thousand spiked
weed seeds per plant which can readily contaminate
the fruit during the harvesting of the fresh grapes,
or during the drying, finish drying, boxing and
cartage operations.

To minimise weed seed contamination growers
should:

• Maintain vineyards free of spiked weed seed
plants by a regular maintenance program
throughout the year and particularly at harvest.

• Instruct pickers to invert the picking tubs prior
to filling, remove seeds clinging to plastic tubs and
to avoid weed seeds in moving the tub or placing it
under the vine-row for collection.

• Instruct cart men to inspect picking tubs for
weed seeds and remove them prior to stacking on
the cart or returning to the vineyard.

• Clean the floor of the cart regularly to remove
rubbish.

• Maintain rack and drying green areas free of
spiked weed seed plants by a regular maintenance
program throughout the year. This should include
the drop off, storage and collection areas for bulk
bins.

• Inspect bulk bins, including runners for
contaminants prior to moving and filling with fruit.

• Limit vehicle movement through the drying area
during harvest to avoid tyres carrying prickles into
the proximity of the fruit, particularly when fruit is
being finish dried on the ground.

Other Contaminants

Khaki Weed plant. Caltrop plant. Three Cornered Jack 
plant.

Gentle Annie plant.

Khaki Weed seeds. Caltrop seeds. Three Cornered Jack 
seeds.

Gentle Annie Seeds.
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Spiked Weed Seeds (Prickles) cont...
• Similarly tractor movement should avoid
ground sheets where possible. 

• Avoid walking on groundsheets as seeds are
carried on work boots and other footwear.

• Ground sheets should be inspected and
maintained free of prickles. 

• Machinery storage areas for rack shakers,
boxing machines, forklifts and tractors should be
maintained free of spiked weed seed producing
plants and harvest equipment should be cleaned
prior to use. 
• Items used to weigh down drying sheets such as
tyres should be stored in a prickle free area, as
should picking tubs between seasons. 

The most onerous of these guidelines is the
maintenance of a prickle free vineyard and drying
green area, particularly if the level of weed
population is already high.

The most effective ways to control spiked weeds
are: 

• Cultivation: This kills growing plants and
stimulates germination by removing surface
vegetation, burying surface seed and lifting buried
seed into the germination zone. Regular inter-row
cultivations every four weeks from November to
March for Caltrop and Gentle Annie, and April to
November for Three Cornered Jack will rapidly
reduce the number of viable seeds left in the soil.
However, it will also reduce soil organic levels and
can damage soil structure.  Cultivation should be
delayed as long as possible from germination burst
to first seed set to minimise soil damage and still
achieve effective control. Cultivating only once or
twice a year will create ideal conditions for prolific
germination, growth and reproduction of all three
spiked weeds. Knifing undervine weed growth 

during the winter or summer months is useful to
reduce the density of hard to kill weeds to levels
which can then be controlled by herbicides.
However, undervine cultivation is only a short-term
remedial treatment as it can cause
extensive root damage to vines. It has limited

application in a program to control of spiny weeds.
The use of pre-emergent herbicides under the vines
is a preferable option.

• Hand chipping: The removal of plants,
particularly those that have set seeds, with a shovel
is important. Many growers in the past have
eliminated weed seeds by chipping out weeds and
collecting plants that have set seeds for burning or
other means of disposal. This is a viable technique
for low level infestation.

• Herbicides: These either kill growing plants
(systemic and knockdown herbicides) or prevent
seeds germinating (residual herbicides). Because
the soil is not disturbed when using chemicals the
rate of seed loss from the seed bank is slower than
with cultivation. Herbicides need to be applied
when the plants are actively growing i.e. before
they produce seed for successful cost effective
control. Take care using herbicides in summer when
the vines are actively growing as they will take up
the chemical if incorrectly applied causing severe
damage to the leaf canopy.

Control of vehicle traffic is critical to stopping 
weed seed migration.

It is best to use a combination of weed control 
methods.

Covered herbicide units prevent off-target spraying.
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Spiked Weed Seeds (Prickles) cont...

• Grassed drying greens: Grass provides an
excellent barrier to weed seed contamination if it is
well maintained during the year to provide a dense
cover. Grassed drying greens can be sprayed for
weed control with selective desiccant herbicides or
systemic herbicides at low rates (e.g. glyphosate at
two to three litres per hectare) when couch is
dormant in winter. Sterilant herbicides can be used
in spring and autumn. Most sterilant herbicides will
have little effect on established couch and provide
good year-round control.  Drying greens can be
burnt off with herbicide before harvest if dew is a
concern. Alternatively, dew on ground sheets can be
avoided by reducing watering after December.
Mowing of the green year round is essential to
promote dense shoot growth. Catchers should be
used to capture weed seeds and clippings which can
hinder grass coverage. Spiked weed seeds can be
collected from level areas such as drying areas with
prickle rollers. Sunraysia processors lend growers
prickle rollers, which are two metres wide, carpet;
covered rollers that are towed across affected areas.
Seeds rub off into a collection tray.

Stones

Packers report that stones are the most common
contaminant found in fruit during processing and
are found at very high rates. 

The type of stone material found can be
categorised into the following groups:

• Limestone: This material is found in fruit at
higher levels in areas where this material is
prevalent in vineyard soils. It is also present in
greater quantities in fruit dried late in the season
where fruit spends a longer period of time on the
ground being finish dried. 

• Scoria and bitumen: This material is present in
fruit in significant quantities indicating
contamination from stones thrown by passing
vehicles, or from stones embedded in fruit bins or
tractor tyres.

• Brick and concrete pieces: These are also a
significant contaminant which is present in
surprisingly large quantities. The use of bricks to
weigh down groundsheets and hessians, and to
divide rack tiers is a common, but bad, grower
practice.

To minimise stone contamination the following
practices should be adopted:

• Instruct pickers to invert picking tubs prior to
filling.

• Lift dip tins (rather than drag) when picking or
collecting full tins.

• Maintain a grassed drying green in areas where
limestone is prevalent. 

• Where possible avoid finish drying fruit close 
to roadsides. 

• Take care to avoid vehicles and footwear
flicking up stones when fruit is on groundsheets. 

• Avoid using scoria and limestone rubble on
driveways near racks and drying greens.

• Inspect bulk bins including runners for
embedded stones. 

• Avoid digging into soil with forklifts when
handling bins.

Trials have shown that a grassed rack area does 
not affect the rate of drying, particularly if 
watering is reduced from December onwards.

Limestone, scoria and brick pieces are the most 
common stone contaminants in dried grapes.
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Snails

The three main snail species of concern are: 

• Common garden snail (Helix aspersa). 

• White Italian snail  (Theba pisana). 

• Common white snail  (Cemuella virgata).

All three species have been introduced to Australia
and their numbers can increase rapidly if no control
measures are undertaken. Snail populations increase
most rapidly during wet autumns and wet springs.
Eggs are laid in moist soil, and young snails
develop on weeds and covercrops during winter and
spring. Snails are active at night or on humid,
overcast days. In dry periods, they seal themselves
onto a hard surface and remain inactive. 

Snail contamination of dried fruit can occur by: the
snails being in or on bunches that are picked; by
falling from the canopy onto harvested fruit; or by
attaching to the outside of buckets. Hand removal
of snails during spreading locates only a small
proportion of the snails present. The application of
drying emulsion usually stimulates snails to leave
the fruit.

If snail contamination is a problem in dried fruit,
then it should be raked over several times while on
the ground sheets to locate and remove the snails. It
is also worthwhile to examine the berry sheet and
lower sections of the rack to remove accumulated
snails prior to shaking.

The build up in snail populations in the early
1990s was due to a combination of the following
factors:

• Favourable seasonal conditions.

• A reduction in cultivation.

• Improved irrigation practices maintaining moist
soil conditions.

• Longer retention of covercrops.

• Maintenance of surface mulches.

• An increase in the rate of distribution of the
snail species combined with a lack of snail
predators or parasites.

(Left)Common Garden Snail.

(Centre) White Italian snail.

(Bottom)Common white snail.

Snails on a vine.

Snails in a bunch.

Snails on the rack.

IMPORTANT
A snail problem can develop very quickly if

no control measures are used in the vineyard.
Research trials noted a small snail population

developed within two years into a major
problem with 2,500 snails found on a rack.
The time and costs involved in controlling
this level of contamination are significant.

Growers should include snail control as part
of normal block management practices.



ContaminantsSection 5

164 ADFA Dried Grape Production Manual

Snails cont...

To control a snail problem growers should:

• Assess the numbers of snails within the block at
least six weeks before budburst to check whether a
problem is likely to develop.

• Determine the species of snails present on the
block. The white shelled species are more difficult
to control than the Common garden snail.

• Remove weedy areas that can harbour large
numbers of snails by slashing, using herbicide,
cultivating or burning. Snails are mobile and studies
have shown the White Italian snail is capable of
moving over 100 metres per year. Snail control may
be effective within a block, but if the surrounding
areas are not baited, slashed or cultivated, then a
rapid re-infestation can occur. The initial infestation
sources on some properties can be directly linked to
disused channels, weedy road verges and
neighbouring blocks.

• Sprays containing copper, particularly Bordeaux
sprays are effective in repelling snails from vines.
Copper sprays should be applied before turning-in
infested weeds or covercrops. If using copper
sprays to control snails the industry withholding
period should be adhered to.

• Large areas can be effectively and quickly
baited using a bait layer (2.6 hectares per hour).

• Baits should be laid when the snails are active.

• Further baiting will be required as irrigations or
heavy rains disperse the baits.

• If the property has an established legume cover
cropping system and snail numbers appear to be on
the increase, switch to cereals for several years.
Legumes are more palatable to snails and numbers
will increase at a faster rate than in cereal
covercrops.

When controlling snails the following factors
should be considered:

• Snail Life Cycles: For effective control the life
cycle needs to be broken. The white shelled snails
are predominantly autumn/winter/spring breeders
that mate and egg lay in response to rainfall. A
concentrated baiting and cultivation effort after
harvest and before mating (late March to April) and
egg laying will reduce snail numbers later in the
year. The common garden snail is an opportunistic
breeder that will mate and lay eggs whenever
conditions are suitable. Rainfall is the stimulus for
reproductive activity.

• Cultivation: For severe snail infestations
cultivation is a necessity. Food sources and ground
cover must be removed to allow effective baiting.
Cultivation can also bury snails and disturb egg
clutches. Several seasons of full cultivation may be
required to reduce a snail contamination problem.

• Baiting: The most critical factor for achieving
high snail kills is in the timing of bait application.
Snails only take baits during periods of activity.
This activity is linked to moisture conditions.
Natural rainfall stimulates greatest activity, but
irrigation can be used to induce movement and
feeding. 

The following observations were made during a
NSW DPI trial:

• Mesurol and Metaldehyde baits remain active
even after minor rain events softened them.

• Banding of baits along the vine bank is as
effective as placing pellets at each vine.

• Snails move on and off vines so baits laid
during periods of activity can achieve high kills.

• Snails recognise upright objects and move
towards and up them to escape ground heat.

Bait banding along channels and block perimeter
can lower snail movement into vines.

Snail numbers should be checked at least six weeks 
before budburst to determine the likelihood of a 
problem developing.

Snails take baits only during periods of activity so the
timing is critical.
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Glass

Glass is a particularly dangerous contaminant,
which causes extreme concern among consumers
and manufacturing users. Fruit deliveries detected
to have glass contamination are classified as being
of No Commercial Value and are destroyed.
Processed fruit found to contain glass
contamination is also destroyed. 

Various types of glass have been found by
processors in dried grapes. These include: 

• Clear and beer bottle glass. 

• Window glass. 

• Windscreen glass. 

• Headlight glass.

To minimise glass contamination growers
should:

• Remove glass objects and broken glass pieces
from drying rack and storage areas.

• Growers should implement a “no glass” policy
around racks and drying greens and erect
appropriate signage.

• Quarantine the rack and storage areas from glass
objects, notably glass bottles.

• Promote the use of plastic and aluminium drink
containers on the property, particularly during the
picking season.

• Locate after work drinks away from the drying
green with adequate bins supplied and emptied
regularly.

• Maintain vehicles and tractors to prevent glass
pieces from broken headlights and windscreens
from being spread.

Metal Objects

Metal objects are removed in large quantities from
fruit during processing. The types of metal objects
found can be categorised into the following groups
in descending order of magnitude: 

• Hessian nails.

• Wire pieces.

• Shotgun pellets.

• Building nails.

• Assorted screws, bolts, and washers.

The magnets and riffle washing equipment in the
processing line, and metal detectors during product
inspection locate metal object contaminants.
However, metal contamination remains a concern to
the industry.

Drink containers around the drying green should 
be made from non-glass materials.

A range of metal contaminants found in fruit.
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Metal Objects cont...

To minimise metal contamination growers
should:

• Be careful in handling hessian nails. Nails
should be securely attached to sheets and curtains.
Dropped nails should be immediately recovered.
Spare nails should not be left on the rack structure.
Hessian nails should be stored in lidded containers.
Nail recovery should be a vigilant process to ensure
all nails are removed from hessian sheets and rack
curtains.

• Remove loose pieces of wire from racks.

• Maintain rack netting and wire ties in good
condition.

• Avoid discharging shotguns in the direction of
racks.

• Ensure fasteners on harvest equipment (e.g.
bolts, rivets and welds) are fixed securely. 

• Maintain the drying green area free of loose
metal objects.

Grit

Grit contamination varies from year to year and is
the cause of occasional customer complaint. 
The drying of fruit on racks in Australia is unlike
most producing nations, which dry the fruit on
paper trays on the ground in the vineyard itself or

on concrete trays or rocky outcrops. Dirt
contamination is a serious problem for these
producing countries and it is an area in which
Australia should seek to maximise its quality
advantage.

To minimise grit contamination of fruit: 

• Advise pickers to invert picking containers prior
to filling to remove dirt.

• Instruct pickers not to drag dip tins while filling
or placing them under the vine row.

• Limit vehicle speeds in vineyards and around
rack areas to minimise raised dust.

• Drive carefully on drying areas to avoid
throwing soil onto fruit being finish dried.

• Be mindful of soil contamination when
spreading fruit on groundsheets and when boxing.

• Maintain grassed drying areas.

• Drop off and store empty bulk bins on grassed
areas if possible.

• Check empty bulk bins prior to filling 

• Avoid digging forklifts into the ground when
handling bins.

Animal Droppings

The presence of animal droppings in dried grapes is
a major concern to most producing nations,
particularly those that dry fruit at ground level. 
The Australian system of drying fruit on racks or on
the trellis itself is perceived as being much more
hygienic. However, the finish drying process puts
fruit at risk, as does the storage of fruit on
properties.

To minimise the risk of contamination growers
should:

• Not use drying rack areas as animal enclosures
during the year.

• Keep animals away from drying fruit.

• Maintain clean storage areas and control rodent
and bird populations in storage areas.

Bare dirt rack areas and incorrect handling of 
dip tins are a major source of grit contamination. 



Contaminants Section 5

167ADFA Dried Grape Production Manual

Moulds

Moulds and other micro flora need to be minimised
by maintaining high standards of hygiene around
drying and stored fruit and management strategies
in the vineyard to control Ochratoxin A. For more
information see “Bunch Rots” in Producing Quality
Fresh Grapes section.

Mouldy fresh grapes should:

• Not be placed in picking buckets. 

• Be removed from the rack during spreading.  

At-risk fruit should be:  

• Committed to drying as soon as possible.

• Finish dried to expose moulds to high
temperatures. 

• Boxed into clean bins.

Miscellaneous Contaminants

The contaminants listed in this section are the
major contaminants of dried grapes. However, a
number of minor contaminants appear from time to
time. Some of the more common of these other
items are:

• Grease: Grease has emerged as a contaminant
of concern during recent years. The removal of
excess grease from machinery during maintenance
programs will overcome this problem.

• Polystyrene: Polystyrene is an uncommon
contaminant but one that can severely affect some
fruit deliveries. Growers drying fruit previously
stored in these containers need to be particularly
careful to avoid damaging the boxes as they put
fruit on the rack.

• Peppercorns, Gum Nuts, Gum Leaves and
Cedar Berries: Trees overhanging the drying green
and storage areas are the prime cause of this
contamination. Storing full bins in the shade is
desirable therefore covering the top of bins under
trees to prevent contamination is recommended.

• Clothing and Rags: Care in the placement of
clothes and work rags can easily prevent this type
of contamination.

• Drink Cups and Food Packaging: The
placement of a rubbish bin near the area used for
meal breaks will help keep the fruit clean.

Dried grapes are an important ingredient in
manufactured products. Contaminant control is
therefore a critical industry responsibility involving
both the production and processing sectors.

Damaged fruit develops moulds more readily 
and spores are spread to other fruit by vinegar 
flies, dried fruit beetles and other insects.
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Dried grapes may contain edible fats and oils, and
must: 

• Be sound and reasonably mature. 

• Be practically free from foreign matter. 

• Not have a moisture content exceeding: 

Currants 13.5% 
Sultanas 13% 
Raisins 14% 
Sunmuscat 13% 
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General  Requirements

Unprocessed Sultanas.

The classification of growers’ fruit at receival is
undertaken by processors in accordance with
industry agreed protocols. 

Despite the repeal of statutory receival
requirements in Victoria, NSW, and WA, processors
continue to apply the standard operating procedures
developed by the former Victorian and NSW Dried
Fruits Boards in consultation with industry. 

The standard operating procedures for
classification of fruit at receival are:

• Fruit is sorted on receival by processors.
The fruit being presented for delivery is arranged
by the sorter into groups of apparently like fruit.

• The sorter then collects a sample from each bin
in the grouping, mixes these samples together and
draws a representative sample.

• The representative sample is passed to the
classer who inspects the fruit under the standardised
lighting provided in the “blue room”.

• While inspecting the sample the classer will
determine whether further tests are required in
regard to wastage, mould, excessive moisture, or
other defects. If necessary the classer will undertake
further assessment of the level of defects.

• The classer will determine the classification of
the fruit by reference to the specifications shown
later in this section and grade samples.

• Information in regard to the class and any
defects will be recorded on a delivery docket. The
class of fruit will also be marked on the bin.

Classif icat ion Procedure

Fruit is sorted on receival by processors.

Fruit is classed in the “blue room”.
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Classification Procedure cont...

• The fruit will be weighed, with the gross, tare
and net weight entered on the delivery docket. The
net weight will be reduced if the fruit contains
excessive moisture, waste, or mould. The delivery
docket is provided to the grower either personally
at the time of delivery or by mail.

A grower dissatisfied with the classification
provided and defects noted may register an appeal
with his processor within five working days. On
appeal the fruit sample will be reviewed by a more
senior member of the processor’s staff.
A formal dispute resolution process exists and
provides for an independent person to help resolve
the dispute.

Early season fruit is classed without benefit of
reference to the grade samples of the season and
accordingly receive only tentative grades. All
tentative grades are later reviewed by a classer, and
may be reclassified if necessary.

The major criteria in determining the class of
the fruit upon receival are:

• Colour: Base colour and uniformity of colour.

• Maturity: Boldness, fleshiness, texture and 
flavour.

• Size: Base size and uniformity of size.

• Consistency: One variety per receival container
(e.g. No Currants in a bin of Sultanas).

• Defects: Compliance with scheduled defect 
limits for waste, mould and moisture content.

The sample is compared to an industry standard.

Charges are applied by processors in accordance
with the quality characteristics of the fruit. The
special treatment charges are reviewed annually by
processors, usually in consultation with the ADFA.
Premiums are paid for the fruit most desired by
processors, which include grade differentials, such
as the light coloured Sultana premium.

Special treatment charges are targeted at fruit
attributes not acceptable in the market, and difficult
or expensive for processors to remedy.  

Special treatment charges include:  
• Excessive moisture. 
• Mould and waste. 
• Excessive stalk. 
• Snails, stones and weed seeds. 
• Hot fruit. 
• Excessively large Sultanas. 

Processed Fruit Standards

Grade standards for processed fruit destined for
export are set by the Export Control (Dried Fruits)
Orders. The same standards are voluntarily applied
to dried grapes destined for the domestic market.

The pack out standards include the quality
requirements at receival, i.e. colour, maturity, size,
consistency, and the waste, mould, and moisture
defects. 

There are also additional requirements for
processed fruit, including tolerances for cap stems,
pieces of stalk, vine material, foreign matter, and
immature and damaged berries.
Different tolerance levels may apply to different
grades of fruit. Other defects have zero tolerance,
e.g. glass and weed seeds.

Quality  Premiums and Special  Treatment Charges

Bin tippers enable close scrutiny for 
contaminants and topped bins.
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Grade Specif icat ions

The grade standards applied to fruit on receival and pack out are:

Sultanas
Six crown Sultanas: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• In the case of light type Sultanas are bold bright amber coloured berries and do not contain more than five 

per cent by count of darker coloured berries.

Five crown Sultanas: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• In the case of light type Sultanas are of a light amber colour and do not contain more than ten per cent by 

count of darker coloured berries.
• In the case of brown type Sultanas are of a dark amber colour and do not contain more than ten per cent by

count of dark brown berries.

Four crown Sultanas: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• In the case of light type Sultanas are of an average amber colour and do not contain more than 15 per cent 

by count of darker coloured berries.
• In the case of brown type Sultanas are of a dark amber to brown colour and do not contain more than 15 

per cent of dark coloured berries.

Three crown Sultanas: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• In the case of light type Sultanas are an amber to light brown colour and do not contain more than 20 per 

cent by count of darker coloured berries.
• In the case of brown type Sultanas are of a reasonably uniform brown colour and do not contain more than 

20 per cent by count of dark brown berries.

Two crown Sultanas: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• In the case of light type Sultanas are of a light brown colour and do not contain more than 50 per cent by 

count of darker coloured berries.
• In the case of brown type Sultanas are of a reasonably uniform dark colour.

One crown Sultanas: Shall be of a reasonably typical colour, flavour and texture.
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Grade Specif icat ions

Natural Sultanas

Fancy Naturals: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• Are bold, uniform dark blue-brown coloured berries that still retain their natural bloom.
• Do not contain more than 10 per cent by count of light or off-coloured berries.

Choice Naturals: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• Are a reasonably uniform blue-brown colour, that still retain some of their natural bloom.
• Do not contain more than 15 per cent by count of light or off-coloured berries.

Standard Naturals: Shall consist of Sultanas that:

• Have a typical flavour and texture.
• Are of a dark colour.
• Do not contain more than 50 per cent by count of light or off-coloured berries.

Natural Sultanas on the left are produced without the use of drying emulsion which 
hastens drying reducing the darkening of berries. The bloom can still be seen on the 
Naturals while the treated Sultanas has no visible bloom. 



Fruit Classification Section 6

175ADFA Dried Grape Production Manual

Grade Specif icat ions

Currants

Five crown Currants: Shall consist of Currants that:

• Are bold, dark coloured berries that retain their natural bloom.
• Have a typical flavour and texture.
• Are practically free from shotty and pin-head berries.
• Do not contain more than 5 per cent by count of red berries and 3 per cent of buck Currants.

Four crown Currants: Shall consist of Currants that:

• Are bold, dark coloured berries that retain their natural bloom.
• Have a typical flavour and texture.
• Are practically free from shotty and pin-head berries.
• Do not contain more than 15 per cent by count of red berries and 3 percent of buck Currants.

Three crown Currants: Shall consist of Currants that:

• Have a typical flavour and texture.
• Are practically free of shotty and pin-head berries.
• Are bold deep violet to blue-black coloured berries.
• Do not contain more than 25 per cent by count of red berries and 3 per cent of buck Currants.

Two crown Currants: Shall consist of Currants that:

• Are practically free of shotty and pin-head berries.
• Are bold deep violet to blue-black coloured berries.
• Have a reasonable and typical flavour and texture.
• Do not contain more than 35 per cent by count of red berries and 3 per cent of buck Currants.

One crown Currants: Shall consist of Currants that:

• Are practically free from shotty and pin-head berries.
• Are bold deep violet to blue-black coloured berries.
• Have a reasonable and typical flavour and texture.
• Do not contain more than 40 per cent of by count of red berries and 3 per cent of buck Currants.
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Grade Specif icat ions

Raisins

Five crown Raisins: Shall consist of Raisins that:

• Have a typical flavour and texture.
• In the case of brown type Raisins consist of reasonable, uniform brown or brownish-green coloured 

berries; and do not contain more than 20 per cent by count of dark coloured berries.

Four crown Raisins: Shall consist of Raisins that:

• Have a typical flavour and texture.
• In the case of brown type Raisins consist of brown or dark brownish-green coloured berries; and do not 

contain more than 30 per cent by count of dark coloured berries.

Three crown Raisins: Shall consist of Raisins that:

• Have a reasonable, uniform and typical colour. 
• Have a reasonably typical flavour and texture.

Other Raisin Varieties

Fancy Raisins: Shall consist of Raisins that:

• Have a typical flavour and texture. 
• Consist of bold uniform blue-brown coloured berries that retain their natural bloom.

Choice Raisins: Shall consist of Raisins that:
• Have a typical flavour and texture.
• Consist of reasonably, uniform blue-brown coloured berries that retain some of their natural bloom.
• Do not contain more than 10 per cent by count of light or off-coloured berries.

Standard Raisins: Shall consist of Raisins that:

• Have a typical flavour and texture.
• Consist of reasonably, uniform blue-brown coloured berries.
• Do not contain more than 30 per cent by count of light or off-coloured berries.

Muscatel Raisins: Whether in clusters or loose shall consist of Raisins that:

• Have a typical flavour and texture.
• Consist of reasonably uniform blue-brown coloured berries that retain their natural bloom.
• Shall not contain any blackened or otherwise blemished berries.
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Grade Specif icat ions

Sunmuscat

Six crown Sunmuscats: Shall consist of Sunmuscats that:

• Have a typical flavour and texture.
• In the case of light type Sunmuscats are bold bright amber coloured berries and do not contain more than 

five per cent by count of darker coloured berries.

Five crown Sunmuscats: Shall consist of Sunmuscats that:

• Have a typical flavour and texture.
• In the case of light type Sunmuscats are of a light amber colour and do not contain more than ten per cent 

by count of darker coloured berries.
• In the case of brown type Sunmuscats are of a dark amber colour and do not contain more than ten per cent

by count of dark brown berries.

Four crown Sunmuscats: Shall consist of Sunmuscats that:

• Have a typical flavour and texture.
• In the case of light type Sunmuscats are of an average amber colour and do not contain more than 15 per 

cent by count of darker coloured berries.
• In the case of brown type Sunmuscats are of a dark amber to brown colour and do not contain more than 

15 per cent of dark coloured berries.

Three crown Sunmuscats: Shall consist of Sunmuscats that:

• Have a typical flavour and texture.
• In the case of light type Sunmuscats are an amber to light brown colour and do not contain more than 20 

per cent by count of darker coloured berries.
• In the case of brown type Sunmuscats are of a reasonably uniform brown colour and do not contain more 

than 20 per cent by count of dark brown berries.

Two crown Sunmuscats: Shall consist of Sunmuscats that:

• Have a typical flavour and texture.
• In the case of light type Sunmuscats are of a light brown colour and do not contain more than 50 per cent 

by count of darker coloured berries.
• In the case of brown type Sunmuscats are of a reasonably uniform dark colour.

One crown Sunmuscats: Shall be of a reasonably typical colour, flavour and texture.
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Grade Specif icat ions

Sunmuscat Naturals

Fancy Sunmuscat Naturals: Shall consist of fruit that:

• Have a typical flavour and texture.
• Are bold, uniform dark blue-brown coloured berries that still retain their natural bloom.
• Do not contain more than 10 per cent by count of light or off-coloured berries.

Choice Sunmuscat Naturals: Shall consist of fruit that:

• Have a typical flavour and texture.
• Are a reasonably uniform blue-brown colour.
• Do not contain more than 15 per cent by count of light or off-coloured berries.

Standard Sunmuscat Naturals: Shall consist of fruit that:

• Have a typical flavour and texture.
• Are of a dark colour.
• Do not contain more than 50 per cent by count of light or off-coloured berries.

Sunmuscat Muscatel (Sunmuscatel)

Sunmuscatels: Whether in clusters or loose shall consist of fruit that:

• Have a typical caramelised flavour and texture consistent with tunnel dried product.
• Consist of reasonably uniform blue-brown coloured berries that retain their natural bloom.
• Shall not contain any blackened or otherwise blemished berries.
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One major and several smaller processors currently
service the Australian dried grape industry. The
choice of packer is the grower’s individual decision
based on contractual arrangements, fruit payments,
growers’ services, and tradition. 
Once the growers have delivered the fruit, the
packer classes it and accepts the delivery. At this

point the packer takes ownership and responsibility
of the fruit and pays the grower accordingly. The
prices paid by the packer are based on the
classification of the fruit at receival. The steps
involved in processing dried grapes follow in detail.
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Sultanas, Currants and Raisins are delivered in bulk
bins supplied by the packer. 
The fruit is classed for quality and inspected for
defects. The bins of fruit are weighed.
Classification and weight are the basis for payments
to growers. 

Labels are attached to the bin to provide an
accurate record and traceability of the fruit when it
comes time for processing. The fruit is then
warehoused in roofed storage facilities.
Unprocessed fruit deteriorates less rapidly than
processed fruit stored in cartons; therefore
processing to demand is the preferred strategy.

During storage the unprocessed fruit can darken
and sugar rapidly if subjected to hot temperatures
and high humidity.  Infestation of the stored fruit by
insects and rodents also needs to be prevented.
Restricting animal access to the storage area to
maintain fruit hygiene is another packer
responsibility.     

Fruit for processing is selected from the warehouse
by a packer employee known as the Blender, whose
job it is to combine bins of fruit to achieve a
consistent final product of the required grade.  Fruit
with certain characteristics will also be selected to
meet the requirements of specific buyers.

Storage

Fruit is weighed and warehoused.

Blending fruit achieves a consistent line of final 
product.

Fruit stored at high temperatures and humidity will 
result in the sugaring of berries, both externally and 
internally.

Indian Meal Moth (left) and Saw Tooth 
Grain Beetle (right) are the two major 
insect pests of stored dried grapes.
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The selected fruit enters the processing line through
the bin tipper and computerised metering system. 

A cleated flight elevator breaks the fruit into a free
flowing product and a weigh belt ensures an even
pack rate is maintained. The pack rate for the major
packer is usually eight tonnes per hour depending
largely on the quality of the fruit.

Fruit is passed through a pre cleaning system. This
system comprises a scalper riddle and push-pull
vacuum extractors. The equipment removes any
oversize contaminants such as fruit clumps and
pieces of cane, and most lightweight trash such as
immature berries, bunch stalk and leaf matter.
Magnets are located in this section of the
processing line to remove metal objects.

The first processing step is the removal of
capstems. This is done in the cone, which consists
of a spinning conical drum with rub bars rotating
within a stationary outer wire mesh cage. The
capstems are dislodged as the berries repeatedly
strike the two surfaces of the cone as the fruit falls
through the clearance between the drum and the
outer mesh.

The action of the cone can severely damage the
skin of fruit that was:

• Grown on excessively vigorous, poorly trellised
vines.

• Harvested while  immature.

• Treated with excessive amounts of potash.

• Treated with caustic potash.

• Damaged by rain, or during picking, carting in,
or rack shaking.

• Not properly finish dried.

• Boxed hot.

• Processed at high moisture content or while hot.

The coned fruit is then accurately sized in a riddle
box, removing all oversize and undersize particles.
Most stone contaminants are removed at this point
by passing through the small riddle.  Push-pull
vacuum extractors are finely tuned to accurately
remove bunch stalk and light weight contaminants.
These extractors create a vertical column of air

through which fruit is passed travelling over an
open mesh to allow air to be pushed from below the
fruit and pulled from above. The air speed is set so
as to differentiate between the terminal velocity of
the fruit and any lighter contaminants such as sticks
and stalks, which are vacuumed up and away.

Processing

The scalper riddle vibrates, sifting fruit through 
the openings.  Large objects and fruit clumps 
travel over the riddle and are collected as waste.

Computer metering systems eliminate fruit surges 
that clog the processing equipment, reducing its 
performance.
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Processing cont...

The fruit is then passed through the riffle washer.
The riffle washer is a cascading stream of water and
fruit flowing over a series of angled baffles or riffle
bars. The turbulence created by the water carries
the fruit down from one baffle to the next. The
riffle washer traps heavy contaminants such as
stones and metal which are too heavy to be carried
over the riffle bars by the turbulent water action.
The riffle washer is also very effective in cleaning
the fruit. Grit, dust, drying oil residue and moulds
are removed. Fruit is then rinsed with fresh water
and spun in machines called re-cleaners to remove
excess moisture. Persistent capstems are also
dislodged during this process. The fruit will take up
moisture during the washing and rinsing process. The fruit, that is ideally 13 to 14% moisture content

for cap stemming is between 15 to 18% moisture
content after the cleaning process.

Laser scanners are the next machines in the line.
This equipment passes the fruit through a laser
beam which differentiates on the basis of
reflectivity. Maximum and minimum reflectivity
thresholds are set to allow fruit to pass through but
for contaminants to be rejected with a blast of
compressed air as they cascade over a drop.

The laser scanners are considered to do a final fine
tuning of the product rather than being capable of
mass contaminant rejection as the scanners would
be overwhelmed. The amount of good fruit rejected
with the contaminants would also be unacceptably
high. The fruit is given a final visual inspection
before it is covered in a food grade vegetable based
dressing oil to give it an attractive shine and to
maintain its friability.

The cone comprises a rotating drum with rub 
bars and a stationary outer mesh. The coning 
process removes the capstem from the berry.

The small riddle allows fruit to pass over but 
removes stone fragments. 

Push-pull vacuum extractors remove light-weight 
waste.

The fruit is double-rinsed with fresh water.

The re-cleaners remove excess moisture.

The riffle washer cleans fruit and traps heavy 
contaminants eg. stones and metal objects.
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Quality Assurance (QA) systems have been adopted
by the industry's packers. These QA systems require
all processes to be documented and carefully
adhered to. 

Quality assurance has been adopted to ensure
processing efficiency is optimised and packing
costs are minimised in achieving the desired
product quality.  At the quality control station,
cartons are randomly tipped and inspected for
compliance with the pack specification for that line
of fruit. The results are recorded for criteria such as
grade, colour, contaminants, damage, and moisture
content. The fruit is approved if it meets the
predetermined standards that are documented for
individual customers and uses. 

The processors are mindful that each consumer is a
quality inspector and that the reputation of the
industry is hard earned and easily lost.  The quality
of the Australian product enables it to be
differentiated on world markets thereby obtaining
price premiums over the dried grapes produced in
every other country.

Quality  Assurance

Checks are undertaken to ensure compliance with 
customer specifications.

The laser scanners enable the industry to be more confident the fruit is contaminant free.  The scanners represent a 
multi-million dollar investment in achieving a high-quality product.
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The fully processed fruit is packaged as the final
step in the processing line. 
This can be either into 10, 12.5 or 14 kilogram
cardboard cartons or into bulk containers of about
0.5 tonne capacity. Cartons are formed on site and
liner bags are inserted prior to the addition of fruit.

Automatic weighers drop the set weight of fruit into
the carton and these are check weighed to ensure
weight integrity. A liquid fumigant is added and the
carton is glued shut. A final metal detection is
conducted and the carton is printed with a grade,
date and time codes, packing shed number and
carton number to provide a traceback system.

The fruit cartons are stacked for shipment or
occasionally stored before being dispatched. If fruit
is held in storage for an extended period of time or
if it is to be exported the fruit is fumigated to
prevent infestation. The widely used food grade
fumigant methyl bromide is used. However, methyl
bromide is being replaced as the industry is
adopting more sustainable fumigation practices.
The amount of fruit being stored after processing
has been reduced in recent years and most
processing is now done to order to prevent product
deterioration prior to use.

The use of lined half tonne food grade pallecons
(reusable bins) was developed during the mid
1990s. The bulk containers represent a less
expensive alternative to cartons for supplying fruit
to large manufacturing users and to the consumer
packeting operations. The reusable bulk containers
reduce manual handling and provide occupational
health and safety benefits for both the processors
and end users. Increasing numbers of
manufacturing users are requesting bulk containers.
Specialist equipment, similar to the metering
equipment at the start of the processing line, is used
to break up any compacted fruit. The equipment
also feeds the fruit at a controllable rate into the
manufacturer's ingredient blending lines.   

Packaging

Boxes are filled automatically.

Box weight is checked.

A fumigant is added to the fruit.

A metal detection check is made.

Traceback information is printed.

Carton ready for storage.

Food Grade Pallecon Bin.
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Domestic transport usually involves cartons being
stacked onto pallets, wrapped with plastic film, and
then loaded onto trucks for shipment directly to the
customer’s warehouse, or to warehouses in the
major cities for forwarding to smaller customers.

Cartons for export shipments are fumigated, stacked
onto slip-sheets and loaded by forklift into 18 tonne
shipping containers. Prior to loading, the containers
are inspected to ensure that they comply with
industry standards. 

The loaded containers are either trucked or railed to
ports in Melbourne and Adelaide and shipped to
destinations around the world.               

Transport

The use of slip sheets has made loading shipping 
containers more efficient.

Fumigation is required for export fruit.
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Farmers and farm workers are a high-risk group for
occupational injury and illness in Australia. On
average, one farm death occurs every 12 days and
there are large numbers of farm workers who are
severely injured. 

Dried grape producers face some industry specific
risks in terms of occupational health and safety
(OH&S). Action to improve the safety and the well
being of producers, their families and workers is
necessary. 

It is a legal requirement for employers to
provide a safe working environment.

This section aims to assist in the management of
health and safety on dried grape properties. It
cannot cover every potential event, but it does
provide a base from which an effective and efficient
safety management program can be developed.

Farm injuries cause pain and suffering and can
also be a major financial burden. Grape growers
pay for work injuries in the following ways:

• Delays in getting work done.

• Wages for replacement workers.

• Payment for medical treatment and
rehabilitation.

• High workers compensation premiums.

• High accident/disability insurance premiums.

• Payment of legal costs if OH&S regulations are
breached.

Farm work is different to that undertaken in
other industries due to:

• Work being often done alone, thereby requiring
a higher level of OH&S protection.

• The requirement for workers to carry out a
range of jobs under different conditions in the
course of a typical working day, and between
seasons.

• Workplaces and work processes are less easily
controlled because of the need to work outside in
the changing weather.

• Work is often undertaken at rush times, such as
harvest.

• The reliance on seasonal and often
inexperienced workers.

• The proximity of the family home which may
place children and visitors at risk.

These factors influence the way in which
occupational health and safety responsibilities need
to be managed.

Occupational  Health and Safety

Working in a hot climate brings specific OH&S concerns that need to be addressed.
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Type and Frequency of  Accidents  Incurred on Grape Properties

The fol lowing graphs show the detai ls .
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Every primary producer has a legal responsibility,
called a duty of care, to ensure they provide a safe
working environment. Anyone who enters a vine
property, whether as a full time employee, a casual
worker, or as a visitor has a right to be protected
from any hazards which may exist. Primary
producers must provide and maintain as far as
practicable a safe and healthy working
environment.

OH&S legislation applies in all states, and covers
all employment situations, including that of owner
operators.
The primary controlling piece of legislation in
Victoria is the Occupational Health and Safety Act
and Regulations, these were amended in late 2004
and came into effect on July 1, 2005. The OH&S
Regulations refer to specific Codes of Practice and
Australian Standards, which provide the supportive
detail about safe methods of operation, and are
supported by employer/employee obligations.

The changes include:

• General duties have changed slightly but
penalties have increased for companies and
individuals.

• Expanded power for unions and entitlements of 
health and Safety representatives.

• Expanded advisory role for inspectors.

• New provisions relating to consultation (Section
35 of OH&S Act 2004) apply from January 1,
2006.

In summary, consultation must take place within
the workplace when:

• Identifying, assessing or controlling hazards.

• Assessing adequacy of facilities.

• How employees will be included in the
consultation.

• Changes to the workplace, plant, or workplace
system.

Note: Employees and the employer decide how
consultation is carried out.

Generally, the legislated responsibilities cover
the following areas:

• Maintenance of work areas, machinery and
equipment in a safe condition.

• Organisation of safe systems of work.

• Ensuring safe use, handling, storage and
transport of equipment and substances.

• Assessment of health risks to employees and
others in the workplace.

• Provision of adequate information, instruction,
training and supervision to employees.

In situations of uncertainty regarding OH&S, the
Act applies the common sense principle of hazard
identification, which requires any potentially unsafe
practice or hazard to be identified eliminated or
replaced with a safe working procedure.

Legal  Responsibi l i ty

SEE IT -ASSESS IT - FIX IT!
Risk assessment is the underlying principle of the OH&S Regulations. The process of risk

assessment is known as the See It - Assess It - Fix It (SAF) principle. 
See It: The important first step to improving safety is to identify all the hazards to health and
safety on the property. The date of assessment should be noted to keep track of when hazard

identification was last carried out.
Assess It: When a hazard is identified, an assessment of the risk associated with the problem
must be made. The degree of risk is a combination of the potential severity of injury and the

frequency of exposure to that hazard. 
Fix It: Once hazards of significant risk have been identified, action should be planned and

implemented to control that risk. Generally eliminating hazards is the most effective solution,
but practicality and cost often limit this option. 
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Legal Responsibility cont...

In order of effectiveness the solutions to
controlling risk are:

• Eliminate the hazard all together, such as
making a piece of faulty equipment inoperable.

• Substitute the hazard, such as using a less toxic
chemical to perform the same task.

• Engineering controls e.g. guards for all belt
driven equipment and power take-off shafts.

• Design safer working procedures e.g. ensuring
no passengers on tractors or implements.

• Use appropriate protective equipment e.g.
hearing protection when driving tractors, or
respirators and eye goggles when spraying
chemicals.

It is wise to undertake the following additional
step.

• Record It: The Occupational Health and Safety
legislation requires employers to maintain a register
of injuries to workers. The use of an injury register
to record exactly what injuries did occur and how
they happened may help to identify high risk
activities on the property.

Following the implementation of the safety
management approach it is vital to monitor the
health and safety risks. This can be achieved by:

• Going through the checklist regularly and at
least annually.

• Continuing to be on the lookout for new
hazards.

• Anticipating hazards which result from changes
in your system of work or when new equipment is
purchased.

• Assessing new hazards as soon as they are
noticed, adding the hazard to the checklist and
taking control measures.

• Checking that your control measures are
working.

• Developing in all workers and family members
an understanding of safety which encourages them
to adopt the SAF principle (See It – Assess It – Fix
It).

Note: In all instances where risk is considered high, urgent action to fix the problem should be planned and undertaken.

The following table provides a framework to assist in assessing OH&S risks:
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The production of dried grapes involves tractor
work, use of a wide range of equipment, the
application of chemicals and general manual work
around the vineyard. All these aspects of vineyard
work have the potential to cause injury. 

Manual Handling

Many growers have back problems from the lifting
and manual handling required in everyday vineyard
operations. This area of worker safety is covered by
the OH&S Manual Handling Regulations -1988.
The general SAF (See It - Assess It – Fix It)
principle applies requiring hazards to be identified,
assessed and reduced. 

Manual handling can be hazardous if:

• The object is excessively heavy or weight is
distributed to the far side of the object.

• The object is large and awkward to grip.

• The footing surface is slippery, uneven, or
sloping.

• Obstacles are scattered along the pathway.

• The lift is high or the object is to be placed in a
difficult spot to access.

The following method for lifting and carrying
should be used to minimise the risk of injury:

• Check the lifting area and pathway for
obstacles.

• Gauge the object’s approximate weight by
moving it forwards and sideways while it is still on
the ground. If it appears to be too heavy, get
assistance.

• Stand so that the load is as close as possible to
the feet and place feet apart for balance.

• Once in position, place one foot slightly in front
of the other.

• Bend the knees and keep the back and arms
straight. Arms kept close to the body. 

• Grip the load using the full length of your hands
and fingers. A diagonal hold is best. Protect fingers
and hands from sharp parts of the object.

• Raise head before lift. Do not carry items that
block vision. Walking blind causes accidents.

• Advance one foot towards the load when lifting
from the floor. Push off with the back foot. This
transfers the weight from the back to the front foot
and ensures a smooth movement.

• Once the load is off the ground, carry it as close
to the body as possible. If the load is held away
from the body, the strain is greatly increased. Do
not twist the body while lifting.

• Put the load down rather than holding it for long
periods. If possible rest it on a suitable object to
avoid repeating the lifting process from the ground.

See illustrations on next page.

Vineyard Operations
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Manual Handling cont...

Correct Lifting Procedure

Whenever a number of people are involved in
the lifting process it is essential that:

• The lift is planned before starting. Allow for the
different people’s strength and height.

• There are an adequate number of persons lifting.

• If a lifter needs to rest while carrying the load,
plenty of warning should be given to the others
lifting.

Lifting is a task involved in hitching equipment,
loading and unloading supplies, trellising and
particularly during cart and rack work during the
harvest period. Inexperienced workers need training
to avoid injury while lifting.

Pictures sourced from: Health Promotion Resources, www.hprreources.com.au.
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Winter Activities 

Winter activities around the vineyard can cause
injury.  The following injuries are the most
common:

• Eye injury: Pokes in the eye from canes during
pulling out, trimming up and rolling on and flying
debris from pneumatic secateurs can cause severe
injury. The wearing of safety glasses is necessary.
Eye and other injuries also occur when handling
wire during retrellising. Extreme care needs to be
taken. Wire must also be tied off in a manner that
minimises the risk to others entering the vineyard in
future.

• Open wounds: Cut and severed fingers occur
regularly during pruning, particularly when using
pneumatic secateurs. The high risk associated with
using pneumatic secateurs has led many
experienced pruners to always hold the air hose
with their spare hand. This ensures it remains out of
harms way. It is important not to wave pneumatic
secateurs around while adjusting clothing,
scratching itches, blowing noses, etc. as accidents
can easily occur. The need for care is extreme as
many injuries occur each year during pruning.

• Muscle and tendon strains: The repetitive
nature of hand pruning and rolling on can lead to
muscle strains and tendonitis. The use of good
quality, well maintained secateurs is important in
reducing the risk of injury. Roll handle secateurs
are designed to be less tiring. Using larger shears
for thicker wood is also advisable. Lifting is a cause
of muscle injury during re-trellising work, as trellis
posts and rolls of wire can be awkward to lift.
Lifting should be undertaken in the recommended

manner. The handling of bagged fertilisers and
implements can also be a cause of injury. 
The use of forklifts and quick hitch fittings can
reduce these risks.

Pneumatic secateurs are a valuable, but hazardous, 
aid to pruning.  Many experienced operators hold the
air hose with the spare hand to ensure it is away 
from the cutting zone.  Wearing eye protection is 
advised.

Roll handle secateurs are less tiring 
than fixed-grip.

Quick hitch fittings aid the linkage of implements without heavy exertion by
the operator. 
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Summer Activities

Harvest is a time of heavy workloads, hectic
activity, inexperienced workers, and fatigue.
Maintaining a safe working environment is difficult
in these conditions, but it should remain a high
priority. Common harvest injuries are:

• Cuts: It is important to train pickers how to
pick properly, particularly the use of picking
knives. If pickers are working opposite each other
in the same row a slight staggering of positions will
assist in preventing injury. Wire joins can be a
hazard to pickers if the excess wire is left
untrimmed and not wound down. Eye injuries can
also result from loose wire ends.

• Sunburn and heat distress: Adequate
protection against sunburn and the maintenance of
fluid intake are critical on hot days. Check that
pickers have water available and are properly
protected from the sun. Loose cotton clothes are
recommended as they absorb sweat and aid the
cooling process. The supply of sunscreen to pickers
by the employer is a common practice. 

• Spider and insect bites: The use of objects that
have been stored away such as picking buckets and
ground sheets leads to an increase in spider bites.
Picker’s huts should also be checked for spiders
before use. Be cautious if spiders are observed in
vines. Visitors to the district should also be warned
about mosquito conveyed diseases such as Ross
River fever. Warnings should also be given about
European wasps and the care needed to prevent
wasps entering drink containers.

• Falls: Leg and back injuries from falls account
for about 16% of vineyard accidents. Falling from
the block trailer during harvest is the most common
type of fall. Levelling headlands before harvest and
careful tractor driving can assist in preventing falls
from the cart.

• Overexertion: It is important to monitor
employee fitness levels and the toll the harvest
takes.  The elderly and workers not accustomed to
physical labour may be more susceptible.

• Strains: Muscle strains are common during the
harvest period. Lifting should be undertaken in the
recommended manner. Picking containers are
generally an appropriate weight for handling.
However, the strain of lifting is increased
significantly if weight is held away from the body
or the lift is to an awkward height. Care needs to be
taken when loading block trailers and when
spreading fruit on racks. The use of block trailers
with low trays, and rack steps and tier spreaders can
reduce risk of injury. Handling fruit bins can also
be hazardous due to their size. 

• Burns from dehydrators: Dehydrators are
potentially very dangerous. Many injuries are
caused by poor maintenance and incorrect lighting
procedures. It is important to follow the operating
instructions carefully. 

General Vineyard Risks

All vineyards contain structures that present some
risk, particularly to the inexperienced and unwary.
Channels, irrigation retaining banks, blind corners
on driveways, and loose roof iron on racks all
present a risk and should be identified and fixed
where possible. Other risks can appear
unexpectedly, such as clothes lines strung across
tractor or bike paths near pickers quarters. Constant
attention to identifying and managing risk is
necessary if workplace injuries are to be avoided. 

TIP
Blunt the tip of picking knives to reduce the

risk of cutting fingers. 

IMPORTANT
It is often difficult to supervise children
around a busy workplace therefore the
establishment of clear rules regarding
dangerous activities and off limit areas

should be enforced. Children under the age
of ten figure prominently in vineyard

accidents.

Heavier items or repetitive lifting should be lifted by 
two people.
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Tractor fatalities and injuries are a tragic aspect of
farming life. 

The following provides a summary of the legal
obligations within Occupational Health and
Safety legislation in regard to tractors and
machinery:

• Employers have a duty of care to ensure the
safety of their employees.

• All power take-off and power take-off shafts
must be fitted with guards.

• Tractors must be fitted with a rollover protective
structure.

• Employers must undertake a risk assessment
associated with tractors and machinery. This
consists of finding out information regarding the
hazards of the plant and equipment and identifying
the peculiar hazards of the tractors and machinery
on the property.

• In assessing the risk, employers must determine
the health and safety risk to employees and record
the risk assessment.

• Determine the most appropriate level of action
to minimise risk associated with plant and
equipment.

• Employers must implement risk control
measures.

OH&S legislation varies from state to state and this
summary should not be taken as a precise
interpretation of all legislation. For further
information contact the appropriate state Health and
Safety Authority.

Tractor Rollover Protection Structures

Tractors are inherently unstable due to their design
characteristics and tractor rollovers are common.
All tractors must be fitted with approved roll over
protection regardless of the type of tractor or duties
it is used for.  Ninety per cent of tractor accidents
occur at speeds less than eight kilometres per hour
and 60% of all accidents occur on slopes of less
than five degrees.  If a canopy needs to be added to
the tractor, holes must not be drilled into the
rollover protection structure (ROPS).  Attachments
must be clamped to the ROPS.

The major rules to operating tractors safely are:

• Turn slowly and gradually as the likelihood of
tipping increases with speed and the sharpness of
the turn.

• Always travel with forklifts or other equipment
as close to ground as practical.

• Be careful when operating near channels,
ditches, mounds or on slopes.

• Only use the drawbar as a rear towing point.

Tractors  and Machinery

Tractors can roll over even on flat ground.
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Tractor Safety cont...

There are a number of factors that affect the
stability of tractors that should be understood in
order to operate a tractor safely. These are:

• Centrifugal force: This can cause tractors to
rollover on flat ground. Centrifugal force is
involved when a rollover occurs during fast
cornering with the tractor pivoting on its outside
wheels. The faster the tractor is travelling the
greater the force. Doubling the tractor's speed
increases centrifugal force four times. Tripling the
speed increases the force nine times. 

The force will also increase, as the angle of the turn
becomes sharper. This is a direct relationship
therefore a proportional increase in force will occur
for every degree that the tractor is turned tighter.
Centrifugal force is very important when operating
on slopes. When a tractor is turning on a slope its
centre of gravity may be approaching its tipping
axis, and only a small amount of centrifugal force
may cause an overturn.

• Rear-axle torque: This is the transfer of energy
between the engine and the rear wheels of a tractor.
Normally as tractors move the rear axle rotates with
respect to the chassis. However, in a case where the
tyres are stuck (e.g. in a bog) the tractor chassis
may rotate with respect to the rear axle and a rear
overturn, or “backflip”, can result. Since the
tractor's centre of gravity is closer to the rear axle
than the front axle, it may only have to rear to
approximately 70 degrees before the centre of
gravity passes outside the rear-tipping axis. A rear
overturn can happen in less than a second. At this
speed there is little chance that the operator will be
able to take evasive action. When the centre of

gravity is already approaching the rear-tipping axis,
such as when operating on a slope or when the rear
wheels of the tractor are stuck in a bog, the tip over
time is reduced.  

Four wheel drive tractors are less susceptible to
rearward overturns as they have more weight over
the front axle and the torque is applied to both front
and rear axles. However, once the front wheels lift
off the ground there is essentially no difference
between the two styles of tractors.  

Care must be taken when ascending slopes so that
the correct gear is selected before the
commencement of the climb. If the operator has to
stop during the climb it requires only a small
amount of rear-axle torque from the jerking of the
clutch to cause the tractor to flip due to the other
instability factors introduced by the slope.

• Drawbar leverage: This is the force trying to
pull the tractor rearwards when it is towing or
pulling an object. The magnitude and its affect on
tractor stability will vary according to a number of
factors including the weight, hitching point used,
resistance to movement and angle of pull. Tractors
are specifically designed to pull objects from the
drawbar, and this should be strictly adhered to. 

When an object is being pulled it involves both a
horizontal and vertical component. This may be
equated to an angle of pull. The angle of pull in a
downward direction results in a transfer of weight
from the front of the tractor to the rear. Many rear
overturns are caused by the operator hitching the
load too high. Common examples are the centre pin
of the three point linkage and the axle housing.
When the tractor is hitched safely to the drawbar,
the operation is inherently safer. If a tractor is
trying to pull out a stump that will not move, one of
two things will occur. The wheels either spin, or the
tractor will slip in a jerking motion with the front
wheels coming off the ground. When the front
wheels rise, the drawbar lowers until the angle of
pull is such that the tractor can no longer tip. Thus
the front lowers. If the operator does not depress
the clutch this bouncing motion will continue
without tipping the tractor rearward. If the tractor is
not hitched in a safe manner the angle of pull may
not be safely reduced before the tractor overturns.
This means that the centre of gravity will have
moved outside the rear tipping axis. 

Care must be taken when pulling loads uphill even
when appropriate hitching methods are used
because of the close proximity of the centre of
gravity to the rear-tipping axis.

Approved roll over protection must be fitted to all 
tractors regardless of age.
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Tractor Safety cont...

Other rules for tractor safety are:

• Ensure all tractors have approved rollover
protection structures.

• Check your tractor regularly for faults. Instruct
employees to report problems and fix faults
immediately. Keep a maintenance book and record
faults and when they are fixed.

• If other people are likely to use a tractor and it
is faulty, remove the key and record and repair the
fault.

• Follow the manufacturer's maintenance
instructions.

• Do not keep the tractor key in the ignition to
prevent children starting the tractor. Never leave a
running tractor unattended.

• Only start your tractor when sitting on the seat.
If possible, use a safety start so that it cannot be
started in gear.

• Persons should not stand in front of a tractor, its
wheels or an attached implement when the tractor is
being started.

• Ensure the tractor is correctly ballasted.

• Ensure the power take-off shaft is guarded for
its entire length.

• Ensure the shaft guard can be stopped by hand
if it rotates with the shaft.

• Ensure the power take-off joints are enclosed in
a guard.

• Always keep power take-off shields in place
when you are using or servicing the tractor.

• Assess whether the operator has the experience
and judgment needed to do the task. If not, provide
suitable training and instruction to undertake the
task safely and supervise the task until the
necessary skills are evident.

• Ensure that children are well away from the
work area. The operator should always remain
vigilant. Avoid running over objects such as hessian
where children may be hiding.

• Young children should not operate tractors.
Older children should only operate tractors when
they are physically and mentally capable of
handling the tractor in unexpected and difficult
circumstances.

• Children should not be nursed or given rides on
a moving tractor or tractor drawn implement.

• If the tractor is used to transport persons provide
suitable seating, foot and hand holds, and protective
guards.

• The tractor should be parked on a level area and
the brakes locked. All implements should be
lowered to the ground.

• Refuel tractors only when the engine is turned
off.

• Rear wheels, if removed from the tractor, should
be laid flat on the ground to prevent accidental
crushing of young children. 

Children should never be allowed to ride on tractors 
or equipment towed behind tractors. Rollover bars are
a legal requirement on every tractor.
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Other Plant and Equipment

With regard to other plant and equipment the
following safety rules apply:

• Machinery should be properly maintained
according to the manufacturer’s instructions. 

• A maintenance book should be kept and any
faults with machinery reported and recorded along
with when fixed. Slashers need to be well
maintained as the guards are quickly worn and
many injuries have resulted from objects thrown
during slashing. Forklifts and rotary hoes also
require careful maintenance to ensure they remain
safe.  

• Hazardous machinery should be replaced with
less hazardous machinery if possible. Otherwise,
procedures for use should be prepared and enforced
to minimise risk. 

• The use of protective equipment such as work
boots and clothes, safety eye wear, dust masks, and
hearing plugs should be worn as appropriate for the
machinery and task. 

• Appropriate training on the correct use of the
equipment and its dangers should always be
provided to inexperienced operators. An assessment
that the operator is capable of undertaking the task
safely should be made before supervision is
stopped.

• An overview of potential hazards in the work
area and around the property should be provided to
inexperienced operators.

• All power take-off shafts should be fitted with
guards.

• Ensure three point linkages are not operated
when standing between the tractor and the
implement.

Sale of Tractors & Machinery

When selling plant such as tractors or machinery, it
is the seller’s responsibility to ensure that it is in a
safe condition to operate, with all guards and
protective structures in place and in working order.
Additionally, the seller is obliged to provide all
relevant information and operating manuals which
assist in the safe use of the equipment.

Noise Regulations

Operating tractors, harvesters, post drivers, air
compressors, and hand tools create noise levels that
can induce hearing loss and ringing in the ears.
Noise is generally considered excessive if a voice
has to be raised to be heard over a distance of one
metre. 

OH&S Noise Regulations impose a number of
legal obligations including:

• Development of a program to reduce exposure
to excessive noise.

• Information and appropriate training given to
employees about noise, and the selection, use and
maintenance of personal hearing protection.

Slashers are inherently hazardous.

Earmuffs and safety glasses should be worn when 
grinding.
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Injury statistics show workshop jobs are the most
common activities causing injuries. 
Although many of these injuries are of a minor
nature, the more serious injuries have resulted in
the victim requiring prolonged, painful and
expensive medical treatment before being capable
of returning to work. There is often partial
temporary or permanent disability. Most workshop
accidents can be avoided if appropriate and
adequate precautions are taken.
An efficient and hazard-free workshop results from
careful planning. Potential hazards need to be
identified and minimised.

Workshop Layout

Provide space around the building and fit a service
door large enough to manoeuvre equipment easily
and safely. The floor area inside the building should
have sufficient drainage to keep it dry. A concrete
apron outside the building for cleaning equipment
and welding should be valuable. It will also provide
a solid foundation for hydraulic jacks and support
stands.
To determine the appropriate size of the workshop
building and its best layout, a list of activities
which will be undertaken in the workshop, and the
sizes of the necessary equipment should be drawn
up. Sketching a floor plan with the arrangement and
location of work and storage areas, benches and
stationary tools is advisable. 

In developing a plan remember the following
points:

• Provide adequate and uncluttered work space
around benches.

• Locate benches and stationary tools in work
areas according to use and function.

• Keep combustible materials out of the welding
areas and in proper containers.

• Locate welding, metalwork and other dirty work
areas away from areas you want to keep clean.

• The sparks from metal cut-off wheels can travel
long distances.  Ensure flammable material is well
out of range.

• Whenever there is a risk of the build-up of toxic
fumes, vapours and gases such as in welding
operations or when decanting pesticides, ensure the
area is well ventilated with sufficient doors and
windows.

• Provide sufficient windows, skylights and
overhead lights to ensure good general lighting.
Place additional lights over benches, stationary
power tools and main work areas. Protective covers
should be fitted over bulbs and fluorescent tubes
where they may be damaged. 

• Get assistance from a qualified electrician when
planning the wiring system. Check that machines
and equipment have adequate clearance for safe
passage under overhead power lines. It is often
safer to run the main power supply underground
to the workshop for this reason. Overcurrent circuit
breakers are recommended as rewireable fuselinks
should not be used as there is a tendency to fit
excessively rated fuse wire. Earth Leakage Core
Balance Current Breakers are strongly
recommended for farm workshops as they trip the
power supply and eliminate the risk of electric
shock. 

• Fire extinguishers should be hung in a visible
place, preferably near exits, and away from
combustible materials.

Workshop

A fire extinguisher of sufficient capacity must be 
readily accessible in any workshop. Easily-read 
signage is important in an emergency situation.
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Workshop Storage

The following points are valuable in planning
workshop storage:

• Develop a system of racks, bins and peg boards
so finding the right tool is easy and quick.

• Do not store tools, supplies or spare parts in
access areas.

• Keep grease, oil, paints and other flammable
materials away from welding areas. 

• Store flammable materials in closed containers
in metal cabinets, or on metal shelves. Stored in
this manner they are protected from sparks and
flames, and spills don't soak into the shelves.
Wooden shelves soaked with flammable liquids are
fire hazards. 

• Use steel drums for storing trash. Use one drum
for non combustibles and another for materials that
will burn. Also provide a metal container with a
self-closing cover for oil rags and oil-soaked filters
that could be set on fire. These drums should be
emptied frequently.

• Conduct an audit on the amount of chemicals
stored on the property. Check with the appropriate
authorities if dangerous goods signage is required.

• Do not store fuels in the workshop. If it is
absolutely necessary to keep small quantities of
fuel, use approved safety cans, and keep cans in a
ventilated area away from sparks and flames.
Comply with OH&S Dangerous Goods
Regulations. A dangerous good is one that has a
class six label, hazard warning or diamond sign.
Common dangerous goods found on vineyards
include LPG, petrol, chemical pesticides, and acids.
Dangerous goods have special transport, storage,
signage, record keeping and training requirements.
It is important to carry out a property audit to make
sure all necessary hazardous chemicals signs are
properly displayed.  Requirements depend on the
quantity of product being stored for some products.

Workshop Tool Use

Do not take the use of power tools and workshop
equipment for granted as even small hand tools can
inflict severe injury. 

Hand tool injuries can be avoided by following
four basic rules:

• Select the right tool for the job.

• Use it in the correct way.

• Keep it in good condition.

• Store it safely when not in use.

Reduced physical effort and increased speed are
the main reasons for using power tools. Take the
necessary precautions to operate them safely:

• Read the operator's manual and observe all
precautions. 

• Keep all guards and shields in place. 

• Keep work area clean and uncluttered. 

• Give full attention to the job. 

• Let each tool work at its own speed, do not
force it. 

• Wear tough, close fitting clothing to prevent
entanglement. 

• Always wear appropriate personal protective
equipment.  

• Maintain secure footing and balance at all times. 

• Keep tools clean and sharp. 

• Ensure the switch is off before plugging in the
power cord. 

• Turn switch off immediately if the power tool
stalls or jams.

• Wherever possible use clamps or a vice to hold
the work.

• Store power tools safely to prevent damage to
tool and cord, and prevent unauthorised use.

• Maintain power tools in good order and replace
or repair worn or faulty equipment immediately.

Dangerous goods signage must be properly displayed 
if required.
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Agricultural chemicals are only safe when they are
used appropriately and carefully. 

Chemical safety includes:

• Operator safety

• Environmental safety

• Consumer safety

It is important to understand the nature of the risks
associated with using chemicals. The risks
associated with the use of herbicides may be quite
different to those associated with use of fungicides
or insecticides. 

Use of Agricultural Chemicals

The law requires that certain information be
provided on the label of every agricultural chemical
sold in Australia. Every section of the label contains
important information. 

It is important to read the label before:

• Storing a chemical.

• Selecting a chemical.

• Mixing a chemical.

• Applying a chemical.

• Disposing of a chemical.

The label advises: 

• The permissible uses of the chemical.

• How poisonous the chemical is to the user.

• The active ingredient and its concentration in
the formulation.

• Directions for effective use against the targeted
pests, diseases, and weeds.

• Application rates.

• Withholding periods.

• Instructions for mixing.

• Information on compatibility with other
chemicals.

• Safety warnings and directions on protective
clothing and equipment.

• Name of the manufacturer.

In most states occupational health and safety
legislation requires records to be kept that relate to
operator training and storage and use of hazardous
substances including pesticides.  

To be accredited as an approved supplier in the
dried grape approved supplier program (DGASP)
one element of the program is to have successfully
completed a chemical user’s course.  

Users of chemicals need to be aware that many
chemicals are dangerous particularly in
concentrated form. 

Chemical  Use and Storage

Important OH&S information is detailed on the label.

IMPORTANT
Make sure that the chemical used is the

most appropriate for the job and that the
best application methods are used to ensure
that the operator, the environment and the

consumer are protected.

IMPORTANT
Most cases of farm chemical poisoning are
caused by skin absorption. Fatal doses can
be absorbed through the skin, so splashes

must be washed off immediately. Skin
absorption of farm chemicals increases in

hot weather or when the user is perspiring.
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Chemical Use and Storage cont...

Farm chemicals can enter the body through the:

• Skin and eyes by absorption. 

• Mouth by swallowing.

• Lungs by breathing in spray materials,
particularly dusts or vapours.

Farm chemicals are scheduled as 5, 6, or 7
according to their toxicity. The toxicity of each
chemical is shown in its poison schedule, indicated
on every label.  

Learn to recognise the first words of the signal
heading:

DANGEROUS POISON – schedule 7

POISON – schedule 6

CAUTION – schedule 5
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Chemical Use and Storage cont...

The use of protective clothing is essential when
handling, mixing and using chemicals. The label
recommendations with regard to what to wear will
depend on the chemical.

The following advice with regard to protective
clothing should be strictly adhered to:

• Overalls: Wear washable overalls with long
sleeves. Wear trouser legs outside rubber boots so
spills will not run down into the boots. Overalls
will not stop contamination, but will slow it down.
Wash overalls separately after handling chemicals.

• Aprons: When mixing and loading chemicals
into the spray tank wear a PVC coated nylon or
neoprene apron which is resistant to chemicals.

• Boots: Wear liquid-proofed rubber boots that
are unlined. Do not wear leather boots as they
absorb pesticides.

• Gloves: Wear synthetic rubber, elbow length,
unlined gloves. Lined gloves absorb chemicals too
readily.

• Hat: Wear a washable hat to protect the scalp
and forehead as they readily absorb chemicals.

• Face Shield: Protect the eyes and face from
spills and splashes during mixing and loading by
wearing a broad curved face shield.

• Dust Mask: Wear a disposable dust mask to
protect mouth, nose and lungs when mixing dry
powder chemicals, unless the label recommends the
use of a respirator. A dust mask is not a substitute
for a respirator. Dispose of the mask after use.

• Respirator: This is a very important item of
protective equipment and various types are
available. It is essential to use the type listed on the
chemical label. The respirator must fit properly to
the face. If a chemical can be smelled when
wearing a respirator then the respirator mask or
filter cartridges are not working properly. Check the
fit of the respirator and replace the filter cartridge.
The respirator must be stored in a clean dry place
away from chemicals to prolong the life of the
cartridges.

In addition to taking the appropriate safety
precautions when handling farm chemicals it is
important to monitor for signs of exposure
which are:

• Headaches and giddiness

• Chest pains

• Nausea

• Blurred vision

• Sweating

• Drooling

• Pinpoint pupils

• Stomach cramps and diarrhoea

These are the early signs of possible poisoning. If
any of these signs are detected after handling
chemicals do not hesitate to seek medical attention,
by contacting a doctor or the Poisons Information
Centre on 131126 Australia wide. It is advisable to
have the doctor’s number on automatic dial on the
telephone to assist in times of emergency with
poisoning or injury.

It is also important to maintain a comprehensive
first aid kit.

• Atropine Tablets: The Poisons Information
Centre may advise the use of atropine tablets in the
case of an organophosphate or carbamate
insecticide poisoning. Atropine is available at local
pharmacies.  Medical advice or the Poisons
Information Centre should be contacted before
administering.

• Syrup of Ipecac: has been recommended in the
past to induce vomiting.  However, the Poisons
Information Centre now recommends its use only
rarely. It should never be used without medical
advice. 

• Re-entry in vineyard: After using chemicals in
the vineyard, the sprayed area should not be entered
until spray has completely dried on foliage. If entry
cannot be avoided, then protective clothing must be
worn. For some chemicals the vineyard re entry
period is designated on the chemical label.
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Chemical Storage and Mixing Site 

Chemical storage is important. To prevent
accidents, farm chemicals should be stored in a
secure facility. The chemicals should be kept on
solid shelving and placed in groups based on their
Dangerous Goods classification. This is required
under the Dangerous Goods Legislation. Material
Safety Data Sheets (MSDS) are a legal requirement
for each chemical used on the property and they
must be available to all involved in the process of
chemical management. The building should be
locked and the appropriate hazard identification
signage displayed. 

A detailed list of the chemicals stored on the
property must be maintained. This is known as a
chemical manifest and must be readily available in
the event of accident or fire so that emergency
workers can be advised of the chemicals they are
dealing with.  Mixing is the most hazardous
handling procedure. 

Mixing sites should:

• Be a significant distance from dwellings and
animals to prevent damage from drift of fumes and
dusts. A downwind location for the site is
preferable.

• Have good ventilation.

• Have an adequate supply of clean water for
mixing and washing.

• Contain clean equipment for accurately
measuring chemicals and a level area for doing so.

• Have sand and a shovel available to contain
spills.

If an accidental spillage occurs the following
steps should be taken:

• Move people, animals and vehicles away.

• Put protective clothing on.

• Make a mound around the spillage to prevent
further spread of the chemical.

• If possible return any uncontaminated chemical
to its container.

• Absorb the remainder of the spilt chemical with
sand or soil.

• Place all the contaminated soil into a sealable
container for safe disposal later.

Farm chemical user courses are available through
local Institutes of TAFE and are recommended for
all users of agricultural chemicals, including
employees. The courses are compulsory in some
states to enable higher category chemicals to be
purchased and used.

Safety training is critical and yet is an often
neglected aspect of farming. 

Proper instruction of new employees will make
them more productive, and less likely to injure
themselves or others, or damage equipment or
grapevines. Training saves time and money in the
short and long term. 

In most states, OH&S legislation requires records to
be kept that relate to training. It is also valuable to
maintain a register of the training provided to each
employee and family members. This will provide a
reminder of what training remains to be undertaken

and can be valuable in demonstrating a
commitment to occupational health and safety
should a serious accident eventuate.

The safety information supplied on vineyard
operations, machinery use, workshop practices,
chemical use and storage in this section provides a
base for training staff and family. Attending
professionally run training courses should be a part
of the business of farming. It is particularly
important that first aid training is undertaken,
preferably by more than one person usually present
in the vineyard.

Training

A well organised chemical shed.
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Managing the here and now involves decision
making to meet the day to day challenges. How
many pickers? How much fertiliser? Many of these
decisions are linked to the financial position of the
business. 

To enable the enterprise's financial position to be
considered in the decision making process, accurate
up to date financial records are required. The ability
to afford any expenditure should be considered in
terms of not only what is currently in the bank but
also in terms of future payments and receipts. A
budgeted cashflow for the year is valuable in
providing the framework in which informed
decisions on expenditure can be made. The
maintenance of financial records for the year-to-
date enables variations from the budgeted cashflow
to be monitored and accounted for. 

The Farm and Small Business Record Book has
been developed to suit the financial management
requirements of dried grape producers. The book
contains an easy to follow step by step guide to its
use and is available from the Department of
Primary Industries at Irymple. Similar types of
record keeping can be kept on a computer with
general and specific software programs available
for dried grape producers. These computer based
systems can provide a number of reports and
financial statements at the press of a button and
they can generally be learnt quickly and easily.
Computerised budgets can also be quickly
developed based on recorded expenditure from the
previous year. 

Financial record keeping courses are available
through local TAFE Institutes and other adult
learning providers.

The advantages of maintaining financial records
are that they:

• Provide peace of mind in knowing the financial
position at any time throughout the year.

• Allow monitoring of the source and amount of
income. 

• Highlight key financial areas where greater
control may be required in both personal and
business expenditure. 

• Enable the cost of production to be calculated. 

• Assist with planning and budgeting. 

• Allows the viability of the property to be
assessed. 

• Enable income and expenditure items to be
compared with previous years by providing a
historical record. 

• Assist with the preparation of income tax
returns thereby saving on accounting fees. 

• Assist with loan applications by providing
potential lenders with required up to date
information.

Horticultural production is a business enterprise
that provides income and an enjoyable lifestyle
when undertaken well. 
However, if either the production management or
the business management aspects of the enterprise
are poorly conducted the business risks failure. The

business management aspects are addressed in this
section with the production management having
been already dealt with. Business management has
two equally important components: managing the
here and now, and planning for the future.

Financial  Management

Computer financial systems can produce reports to 
help decision making.
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Business Planning

Planning for the future enables growers to better
cope with the pressures of increasing costs and
uncertain returns and other risks that affect every
business. Business planning also enables growers to
capitalise on new opportunities through the
adoption of new technology to produce existing
crops more efficiently or move into more profitable
crops. 

It is best to commence the business planning
process by taking a stocktake of the available
resources. A mapping of the property into patches
with similar technology such as: vine varieties, vine
age, rootstocks, trellis, sprinklers etc. is a good
starting point. An aerial photograph is useful in
undertaking this task. SunRISE 21 can supply
scaled aerial maps of properties in
Sunraysia/Robinvale. 

A description of the various patches and the
allocation of a simple identification code for each
patch will enable information collected on yields,
receipts and costs to be linked to the patches for
analysis. The aerial maps can also be used with
clear plastic overlays to map property features such
as the irrigation and drainage systems.

In addition to the physical and financial stocktake,
it is also valuable to evaluate the business’ human 

resources. This can be done by conducting a skills
audit to identify the strengths and weaknesses in the
skills required to effectively manage the production
and business side of the enterprise. A survey to
assist with this process is provided later in this
section.

During the assessment of on-property skills, it may
also be appropriate to assess the performance of
support professionals such as the enterprise's
accountants, lawyers, bank personnel, extension
staff, farm consultants, insurance agent, farm
supplies, and staff.

SunRISE 21 can supply scaled aerial maps of properties.

KEY POINT
Business planning is about putting to best
use the resources available to the business.

These include the productive resources
(such as the property and water

entitlement), its infrastructure (such as
trellis, vines and irrigation system), plant
and equipment, financial assets, and the

human resources of the grower, employees
and family. Because the planning process is

broad and integrates all resources it is
popularly known as whole farm planning.
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Business Planning cont...

The next step is to develop the goals for the
enterprise taking into account the input of all those
with an interest in the business, such as the
children. If children plan to seek careers outside of
grape growing then succession planning will not be
as high a priority as with a family where the
children want to continue in the business. Some of
the issues that need to be addressed are income
requirements, level of financial indebtedness, risk
management, and lifestyle issues such as preferred
age of retirement. 

The strategies to achieve the goals and objectives
are then developed. This phase often requires an
analysis of various technologies such as trellis
drying, pressurised irrigation systems, improved
plant material or alternative crops. The
development of specific plans is important in
planning cost efficient strategies. These specific
plans also provide a stimulus to achievement by
outlining a course of action against which actual
performance can be gauged. This aspect of the
planning exercise should determine the agreed roles
of all stakeholders in the business to ensure
everyone is heading towards the set goals. Legal
aspects of the process should also be considered,
such as documenting and formalising partnership
agreements when appropriate, and seeking advice
on succession planning.

The development options need to be assessed to
decide which will provide the best return on the
investment of time and money, and which will
move the business closer to its goals. In developing
options for the patches it is valuable to consider if
smaller patches can be consolidated into larger
areas of similar technology and management,
particularly if this is considered best practice. By
considering the worth of the current plantings and
practices, and then determining the best options
available, a strategy or action plan for improving
the property will emerge. Documenting this and
accurately costing it from a financial and time
viewpoint will give a realistic plan for the future on
which to prepare a funding proposal.

A number of courses in business planning are
available, such as the Farm$mart program run by
DPI Victoria. 
SunRISE 21 has a list of accredited business
planners available to those interested in seeking
professional assistance.
Like all plans, outside factors intervene to challenge
the achievement of the plan’s goals and objectives.
All plans must be monitored to assess what changes
are required. The ability to cope with change is
often a measure of how well an enterprise will fare
in the future. Planning provides the steps necessary
to make change a positive rather than negative
experience. 

The need to adopt better ways of doing things is
ongoing. Obtaining information from property
records and outside sources provides a basis for
good decision making. However, this information
must be considered carefully in relation to given
resources and the goals that have been set.

New vineyard development should be based on a 
thorough property plan.

KEY POINT
The mapping of the property will help in
critically assessing the contribution to the

business each patch is making. A ranking of
the patches may be useful. List the options
available to improve the performance of
each patch, estimate the cost of each, and

provide a realistic timeframe for the
development. It is important that an effort
be undertaken to understand the various

options for development and what are
considered best practices. 
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Business Borrowings

Most business plans involve the investment of
money. In many instances finance will need to be
borrowed. The following provides advice on how to
obtain finance to implement a business plan.
Interest on borrowings is often a significant
business expense and it is an area that should be
regularly reviewed to ensure the best possible rate
and fee structure is being received. The savings can
amount to thousands of dollars a year.

When applying for a business loan borrowers
should be aware of several key issues which
influence a bank’s judgement the personal element
is fundamental to the process. A banker will not
lend to someone whom he cannot trust. A borrower
already known to the bank starts with an advantage,
however being unknown to a bank will not stop
those with a viable proposal.

In establishing the borrower’s reliability, the bank
will consider personal integrity and professional
expertise, including experience and qualifications,
age, knowledge of the industry, and the borrower’s
capacity for work, general management and
financial skills.

Once a sound relationship has been established, a
bank will nearly always support a customer who
experiences repayment difficulties of a temporary
nature.

Essentially, there are four areas that need to be
covered when structuring financial applications.
These are:

• The existing financial position: Growers must
have a sufficient stake in the existing business to
justify an application for further borrowings.
Ideally, financial statements for the last three years
should be presented to the bank.

• The amount and purpose of the loan: Banks
will lend money for virtually any worthwhile
purpose. The purpose of the loan is only important
in so far as the bank will want to satisfy itself that
the loan will enhance, rather than detract from, the
financial health of the business. It is not enough to
ask for money for working capital, or for
expansion. The purpose will need to be detailed and
accompanied by a documented feasibility study.

• Your repayment capacity: The bank will
require realistic budgets or projections for the
business, including the underlying assumptions
used, showing the ability to generate a cash surplus
sufficient to cover the loan. In the case of funds for
vineyard redevelopment, the bank will need to form
a judgement about the viability of the project. The
borrower must be able to demonstrate the business
can survive with a reduced bearing area of vines
and if things do not go as planned. The assistance
of an accountant may be required to prepare this
material and present it to the bank.

• Security: In most instances, providing security
is part of the loan approval process, and many kinds
of assets can be used to secure a loan. Securities
such as real estate, listed and saleable shares in
sound public companies, and personal guarantees
are likely to be the preferred assets in the bank’s
security schedule. When valuing your securities, the
bank must make an assumption about their real
value, months and even years in the future. Some
assets such as vehicles and machinery depreciate
quickly. Even real estate and certain kinds of
financial assets are subject to fluctuations in the
market and in these cases, the bank has little choice
but to be conservative in its valuations. It is
important to note here that the working assets of a
business tend to realise surprisingly little in a
liquidation sale should the lender need to exercise
its security rights.
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Property Audit

The following tables document the property’s infrastructure as at ......./......./.......

BLOCK DETAILS: Locality........................................... Block number........................…………….

Patch Identification: 

Area (ha): 

Soil type/s: 

Variety: 

Rootstock if grafted: 

Age of vines: 

Vine spacing: 

Row spacing: 

Trellis post type & height: 

Trellis type: 

Irrigation system: 

Amount & timing of fertiliser: 

Harvest method: 

Average yield: 

Incidence of pests: 

Incidence of disease: 

Other:    

Patch Details

Variety type and clone: Sultana type - Currant type - Raisin type. 

Rootstock: Ramsey - 1103 Paulsen  - Teleki 5C – Schwarzmann -

140 Ruggeri - 5BB Kober - K51-32 - K51- 40. 

Trellis improvement: T - Wide, T - Marshall, Shaw Swingarm.

Irrigation: Dripper - Micro jet - Undervine sprinkler - Overhead sprinkler.

Harvest system: Hand harvest - Trellis drying & machine harvest.

Nutrition: Covercrops - Fertiliser program.

New equipment:

Other: 

Patch Details
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Skil ls  Audit

The following table surveys the experience and training in the various skill areas required to successfully
manage a grape producing business.

Irrigation management.

Fertiliser and covercrop 
management.

Pest identification and 
control.

Disease identification 
and control.

Chemical handling.

Occupation health and 
safety.

Labour training and 
management.

Trellis drying.

Harvest and drying 
procedures.

Fruit classing.

Vine propagation and
training.

Welding.

Financial record keeping.

Farm management and 
planning.

Time management.

Industry understanding.

Other.

Other.

Other.

Producer Skill No Experience Training but
Inexperienced

General 
Experience

Experience &
Formal Training
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Property Development Planning

Once the planning process has identified the
business’ goals and strategies, the most efficient
steps to achieving the strategies need to be
identified. 
Plans might include strategies such as redeveloping
an area of the vineyard to Sunmuscat or moving to
trellis drying of existing Sultana plantings. The
steps will differ from grower to grower as property
infrastructure and the labour and skills available to
implement the plan will vary greatly from one
business to the next. For instance a grower with
grafting skills may produce his own grafted vines
and invest the savings in a pressurised irrigation
system. A grower with family members willing and
able to assist in training vines may be able to
redevelop a larger area of vines than a grower
undertaking the task alone. 

In considering redevelopment options the
following information should be useful:

Vineyard Soils

As a first step in replanting a property, conduct a
soil survey to enable the best rootstock and
varieties to be selected and the right irrigation
system and patch sizes to be determined.
Soils in Sunraysia are mostly underlined by a
carbonate clay layer, compacted by vehicles and
equipment, and contain sealed layers caused by the

repeated use of rotary hoes. Research indicates
grapevine roots do not grow through soil that has a
penetration resistance greater than 2Mpa at a
moisture content of field capacity. Penetration
resistance becomes much higher as soils dry out.
Sandy and sandy loam soils can be naturally
compact with fine sands compacting more readily
than coarse sands. Poor and uneven growth due to
limited root systems can result. Soil compaction can
cause waterlogged conditions in the root zone
affecting vine growth. 

Wheel traffic can also create compacted crusts
which can restrict water infiltration around the
vines. Soil compaction can be overcome by deep
ripping and cross ripping of the site to a depth of
0.6m at 0.75m intervals to reduce the barriers to a
wide, deep root distribution. 

The recording penetrometer used to measure penetration resistance in soils (left) shows the naturally loose soil in 
Merbein (a) in the graph (right) compared with naturally compact soil (b). The grapevine root system in the loose soil 
is extensive enabling water and nutrients to be drawn from a large volume of soil.
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Vineyard Soils cont...

Soils should be dry when ripped to disturb the
whole soil bank rather than create slots, which can
occur if the soil is too wet. Growers should be
mindful that contractors can save considerable
amounts of fuel by shallow ripping so time spent
observing this operation may be beneficial. Most
ripping should be done to a depth of at least 0.6
metres at intervals of 0.75 metres.

Patch Consolidation

The use of pressurised irrigation systems, such as
undervine sprinklers and drippers, provides greater
flexibility when determining the size and position
of planting patches. Improved irrigation systems
allow soil type and efficient row lengths to be the
key determinants rather than the slope of the site
suiting furrow irrigation.

Planting Material

A mix of varieties can lengthen the harvest period
allowing a more even spread of workload and allow
grapes to achieve a sound maturity level before
harvest. A spread of maturity dates can also spread
the risk of rain damage. The following table
provides an overview of likely maturity dates for
drying varieties. Rootstocks, trellis type, crop size,
together with seasonal conditions can significantly
affect these dates from year to year.

Soils under wheel tracks in the vineyard are often compacted and limit root distribution into the inter row space due to 
high penetration resistance, often well above the critical penetration resistance level of 2 MPa. 
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Planting Material cont...

• Use the best available vine material. Viruses,
viroids, and phytoplasmas inherent in cutting
material may limit vine performance. Taking
varietal material from grafted vines is not advisable
as the budwood may contain the virus of both the
scion and the rootstock and these will be added to
those within the new rootstock. 

• Use rootstocks in replant situations. The affect
of nematodes on new plantings can be limited by
the use of resistant rootstocks. Rootstocks can also
help overcome problem soils and can provide the
vigour required for trellis drying. Rootstocks, such
Ramsey and 1103 Paulsen, will also provide
protection against saline irrigation water and
against phylloxera, both of which may become
more important in future.

• Ensure the ordered plant material is available
from the nursery before removing vines.

• Interplanting ownrooted vines with rootstocks
has been successfully undertaken by some growers
to minimise the period without crop. However,
other growers have not been as successful and
believe the additional effort is not justified if the
new vines take longer to establish and crop.

• Minimal pruning can be undertaken the harvest
before vine removal to increase the crop size. The
vines’ trunks can be cut at the end of February to
commence trellis drying prior to removal after
harvest.

Trellises and Canopy Management Systems

• Simple trellis modification from low vertical
trellises to narrow or wide T trellises, depending on
vine vigour, can increase yields significantly for
very little cost.

• Foliage wires are useful additions, particularly
to grafted vines on narrow T trellises. 

• When retrellising use trellis posts that will allow
cordon based hanging cane systems to be used, if
not now then in the future. Most cordon based
systems are developed with the post height above
ground at between 1.68 metres (5’6’) to 1.83 metres
(6’). The distance between posts should not be
greater than 6.1 metres (20’). Row spacings of
between 3.05 metres (10’) to 3.4 metres (11’) are
best for dried grape production with current trellis
systems.

Using grafted vines grown in the nursery ensures 
rapid establishment of a new planting.

A cordon can be established while lightly cropping on
the existing T trellis.
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Trellises and Canopy Management Systems cont...

Vineyard Access

Headlands should be sufficiently wide to allow a
harvester to turn. The minimum distance is
considered to be 6.10m (20ft).
Ascertain and consider the location of drainage and
irrigation easements when determining patch
boundaries.

Mechanised Production Systems

Mechanised trellis drying production systems will
reduce the reliance on labour, reduce the risk of
crop loss due to poor weather during harvest, and
facilitate achieving full crop maturity before
harvesting, thereby providing excellent drying
ratios. 

Vines need to have sufficient vigour and average at
least 2.25 tonnes per acre to warrant trellis drying.
Replanting with grafted rootstocks should provide
average tonnages well above 3 tonnes per acre.

Shaw Swingarm is considered to be best practice in
terms of mechanised production systems. Summer
pruning the Swingarm trellis is 5 to 8 times quicker
than cutting canes trained on T trellises and the
time spent on winter pulling out, pruning and
rolling on is reduced by 2/3rds.

The necessary equipment for trellis drying can be
syndicated to reduce the cost involved. Contractors
can also be used, however timing of the wetting and
harvesting operations are critical and it is best to
own the necessary equipment.

If grapevines have sufficient vigour they can be converted from a T trellis to a cordon based system such as the 
Shaw Swingarm trellis.

Tall trellises give flexibility in canopy management.
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Some Useful  Web Sites

Industry:
The Australian Dried Fruits Association: www.adfa.asn.au
Save the Food Bowl Alliance: www.notoxicdump.info
Sunbeam Foods: www.sunbeamfoods.com.au

Weather:
Bureau of Meteorology: www.bom.gov.au
Silo: www.bom.gov.au/silo subscription required for entry into some aspects of this site.

Water:
FMIT: www.fmit.com.au
SRWA: www.srwa.org.au
Goulburn Murray Water: www.g-mwater.com.au
Water Movements: www.watermove.com.au
Murray Darling Basin Commission: www.mdbc.gov.au/commcentre/contact/related.htm
Land & Water Australia: http://www.lwa.gov.au/

Chemical information:
Pest Genie: www.pestgenie.com.au
Australian Pesticides and Veterinary Medicines Authority: www.apvma.gov.au
Drumuster: http://www.drummuster.com.au/
Chemcert: http://www.chemcert.org.au/index.shtm

Agriculture:
Agriculture, Fisheries & Forestry-Australia: www.affa.gov.au
Australian Government Agriculture Portal: www.agriculture.gov.au
Horticulture Australia Limited: www.horticulture.com.au
National Farmers Federation: www.nff.org.au
Cooperative Research Centre for Viticulture: www.crcv.com.au
CSIRO: www.csiro.au
Riverlink: www.sardi.sa.gov.au/pages/key_links/riverlink
Kondinin Group: www.kondinin.com
Agribusiness Association of Australia: www.agribusiness.asn.au

Departments of Agriculture:
Victoria: www.nre.vic.gov.au
New South Wales: www.agric.nsw.gov.au/reader/nsw-agriculture
South Australia: www.pir.sa.gov.au/index.shtml
Western Australia: www.agric.wa.gov.au

Government:
Mildura Rural City Council: www.mrcc.vic.gov.au
Wentworth Shire Council: www.wentworth.nsw.gov.au
Australian Government Entry Point: www.gov.au
House of Representatives – members: www.aph.gov.au/house/members/mi-alpha.asp
US Department of Agriculture: www.usda.gov/wps/portal/usdahome

Food Standards:
Food Standards Australia: www.foodstandards.gov.au

Industrial: 
Wages: www.wagenet.gov.au/WageNet/HomePage/HomePage.asp
Australian Industrial Relations Commission: www.airc.gov.au/index.html
Victorian Workcover Authority: www.workcover.vic.gov.au/dir090/vwa/home.nsf

Training:
Rural Skills Australia: http://www.ruralskills.com.au/
Farmsafe Australia: http://www.farmsafe.org.au/
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A
ABN 106
Accidents 104-105
Air circulation in canopy 34
Alkyl silicon 130-131
Alternate row irrigation 59
Ammonium nitrate 51, 136
Ammonium sulphate 51
Animal dropping contaminant 166
Anti freeze solutions 98
Appeal of classification 172
Artificial rack dehydration 121
Award wages 103

B
Banks 212
Base plates 37
Berry drop 127
Biennial bearing 16
Bin dehydration 122
Birds 91
Black spot 77-78
Black spot management 77
Blending 181
Blister mites 85
Blobs 112, 116, 139, 156
Boron 46-53, 57
Borrowings 212
Botrytis 81
Boxing fruit 123
Broadcasting fertiliser 52
Budburst 16
Bud structure 13
Buds 16, 43
Bunch mites 84
Bunch rots 81
Business management 207
Business number 106
Business planning 210

C
Calcium 46-53
Calcium nitrate 136
Caltrop 160
Canes 15
Canopy calculation 94
Canopy management 31, 33-34, 41-45, 141, 217
Capacitance sensors 68
Capfall 16
Caramelisation 140
Carbonate layer 58
Carina 19, 33
Carting in 111
Chemical application 159
Chemical handling safety 204
Chemical poison schedules 204
Chemical records 158
Chemical residues 116, 157
Chemical use and storage safety 203
Children, employment of 103
Chlormequat 19
Citrus nematode 27
Classification – appeals 172

Classification criteria 172
Classification of fruit 171
Clonal vines 25, 33
Cold dip 114-116
Compaction 114
Conditions of employment 103-104
Contaminant – animal droppings 166
Contaminant – dirt, grit 166
Contaminant – embedded leaf 156
Contaminant – glass 165-166
Contaminant – grease 167
Contaminant – metal object 165-166
Contaminant – mould 167
Contaminant – nails 165
Contaminant – polystyrene 167
Contaminant – stalk 156
Contaminant – wire 165
Contaminant tolerance levels 172
Contaminant – spiked weeds 160
Contaminants 120, 140
Contamination 155
Cooling fruit 140
Copper 46-53
Copper sprays 98
Cordon bunch picking 135
Cordon bunch spraying 136
Cordon health 142
Cordon training 143
Cordon-based systems 34
Covercrop and frost 97
Covercrop sowing rates 56
Covercrops 32, 50, 54, 55, 58, 90
Cross contamination 156
Crowding 34
Crown and cordon picking 135
Crown picking 135
Cultivation 54
Currants - Grade specifications 175
Cutting 129, 131, 133
Cutting out 42
Cutting, timing of 133
Cuttings – planting 30
Cuttings 29
Cycocel 18-19

D
Dark berries 57
Dehydrator safety 121
Dehydrators 117, 121
Dehydration 137, 140
Di ammonium phosphate 51
Dip-tin handling 160-166
Dirt around racks 166
Dirt contamination 166
Disbudding 29
Disease control 70
Disease resistance 82
Diseases and Pests 28, 30, 34, 41, 70, 83, 159
Dispute resolution 105
Dogridge 27
Downy mildew 71-71
Downy mildew control 73
Drainage 48

Index
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Dried fruit beetles 89
Drip irrigation 53, 58, 63
Drying – finish 140
Drying – ground 140
Drying emulsion 113
Drying emulsion rates 130
Drying oil 114-116
Drying rack maintenance 101
Duty of care 191

E
Eichhorn and Lorenz System 14
Embedded leaf contaminant 156
Employee training 104
Employment conditions 103
Employment duties 103
Emulsion 114-117
End assemblies 35-37
End posts 37
Equipment maintenance 101

F
Farm accidents 189, 190, 195-196
Fertigation 53
Fertiliser - furrow irrigation 52, 58-59
Fertiliser 32, 46, 49-52, 56
Fertiliser rates 52
Finance 212
Financial management 209
Finish drying 119, 122, 140
Flowering 16, 50
Fog machines 98
Foliage wires 138, 217
Foliar sprays 53
Food safety codes 157
Freedom 27
Frost and pruning 98
Frost foliar sprays 98
Frost insurance 98
Frost – preventing damage 97
Frosts 43-44, 55, 97-98
Fruitbud structure 13
Fruit maturity – hand harvesting 108
Fruit set 52
Fruit spillage 139
Fruit standards 172
Fruit storage 123
Fruitfulness 13, 31, 43
Fungal disease 58
Fungicide dip 29
Fungicide resistance 76
Fungicides 70, 76

G
Gentle Annie 160
Glass contaminant 165-166
Gleaning 139
Glyphosate 146, 162
Grade specifications – currants 175
Grade specifications – natural sultana 174
Grade specifications – raisins 176
Grade specifications – sultana 173
Grade specifications – sunmuscat 177

Grade specifications – sunmuscat naturals 178
Grafted vines 26, 28, 31-34
Grapevine scale 83
Grease – contaminant 167
Grit contamination 166
Ground drying 119-120, 140
Ground sheets 120
Growth cycle 13-16
Growth regulant 18
Gypsum blocks 67

H
Hail 43-44
Harmony 28
Harvest labour 102-103
Harvest preparation 101
Harvester maintenance 138-139
Harvesters 137-139
Harvesting trellis dried fruit 137
Hazard assessment 192
Hedging 45
Herbicide damage 48
Herbicide spraying 141
Herbicides 54, 93-95, 161-162
Hessians 118

I
Importation of rootstock 25-26
Injuries 189, 195-196
Inner posts 37-38
Insects 55
Internodes 43, 50
Iron 27, 46-53, 57
Irrigation – alternate row 59
Irrigation – cutback 59
Irrigation – post harvest 141
Irrigation 27, 31-32, 48-52, 57-59
Irrigation for frost control 98
Irrigation scheduling 65
Irrigation systems 216

K
K51-32 28
Khaki weed 160
Kober 27

L
Labour 127
Labour training 128
Laser scanning equipment 155
Leaching fraction 65
Leaf canopy removal 142
Leaf contamination 139
Leaf spots 74
Leaf yellowing 141
Light brown apple moth 85-86
Lime layer 58
Lime soils 27
Loans 212
Longtailed mealybug 87
Low-level sprinklers 62
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M
Machinery safety 197
Magnesium 46-53
Manganese 46-53
Manual handling 193
Maximum residue limits 157
Mealybug 87
Measuring fruit maturity 108
Mechanised production 26, 218
Metabisulphate 110
Metal object contaminant 165-166
Microjets 62
Micronutrients 46-53
Minimal pruning 45
Mites 84
Moisture content 119, 137, 171
Moisture monitoring equipment 65
Moisture stress 30, 32, 58
Mono ammonium phosphate 51
Mould – contaminant 167
Muscat Gordo Blanco 20, 28

N
Nails – contaminant 165
National harvest labour information service 103
National harvest trail 102-103
Natural sultana - Grade specifications 174
Nematodes 27-28, 90
Neutron probe 69
Nitrogen 46-53, 141, 146
Nodes 13
Noise regulation 200
Nutrient concentrations 51
Nutrients 46-53
Nutrition 31-32, 46-53

O
Occupational health and safety 189
Ochratoxin A 54, 70, 109, 127
Oilspots 71
Overhead sprays 61
Own-rooted vines 20, 25, 30-33, 128

P
Packaging 185
Patch consolidation 216
Paulsen 28
Permanent sods 56
Pest and disease monitoring 70
Pesticide residues 158-159
Pesticides 83, 95
Pests and Diseases 28-30, 34, 41, 70, 83, 159
Petiole analysis 49-50
pH 53
Phomopsis 79-80
Phosphorous 46-53
Phylloxera 26-27, 89
Picking 111
Picking teams – tax 107
Pistil 16
Pollination 16
Polystyrene – contaminant 167
Post and Rail assembly 35-37

Post strength 37-38
Post-harvest management 146
Post-infection fungicides 82
Potassium 46-53, 57
Powdery mildew 74-75
Powdery mildew control 76
Pre-infection fungicides 82
Prickles – contaminants 160
Primordia 13, 16
Processing 179, 182
Profitability 127, 210
Propagation 29-30
Property audit template 213
Property development 215
Property mapping 210
Pruning – minimal 45
Pruning – summer 45, 128-133, 141
Pruning – winter 133, 141
Pruning 28, 31, 33, 34, 41-44, 146
Pulling out 43
Puncture weed 160

Q
Quality assurance 184
Quality premiums 172
R
Rack dehydration 121
Rack filling 121
Rack shaking 118
Rack spraying 114-116
Racks – fruit placement 112
Rain during harvest 109-110, 127, 130-133, 137
Raisins - Grade specifications 176
Raisins 20, 33, 116
Ramsey rootstock 20, 26-32, 46, 48-49
Redevelopment 145, 215-217
Residue testing 158
Resistance blocks 67
Ringnecking 109
Risk management 127
Roll bars 197
Rolling on 31, 43
Rollover protection 197
Root knot 90
Root pruning 32
Rootstocks 20, 26-30, 90
Ruggeri 27-28
Rust mites 84
Rutherglen bug 88

S
SAF principle 191
Safety 189
Sale of machinery – safety requirements 200
Salinity 27, 48
Saltburn 48, 57
Salvage operation 109-110, 133, 131
Sand storage of cuttings 29
Scale 83
Schwarzmann 27
Scion material 25-27
Shading 34
Shaw trellis 21, 32-35, 45, 50, 127, 142
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Shoot 13
Skills audit template 214
Small berries 57
Snails 55, 163-164
Sodium metabisulphate 110
Soil assessment 215
Soil management 27, 32, 54, 98
Soil samplers 49
Soil structure 58
Soil type 31-32, 54, 58
Solar rack curtains 122
Sorting of fruit 171
Special treatment charges 172
Spiked weed contaminants 160
Split cordon 45
Split spray (carina) 19
Splitting 109, 116
Spray calibration 94-96, 159
Spray conditions 96
Spray coverage 92
Spray diary 158-159
Spray equipment 92
Spray records 158-159
Spray withholding periods 159
Sprayer maintenance 93-94
Spraying – weed 141
Spraying after berry softening 159
Spreading fruit 112
Spur pruning 44
Stalk contaminant 156
Stayed post assembly 35-37
Stone contaminant 162
Storage 123, 181
Subsurface drips 64
Succession planning 211
Suckering 29
Sulphur 76
Sultana - Grade specifications 173
Sultana worldwide production 12
Summer pruning 45, 128-134, 141
Summer pruning – canopy retention 134
Summer pruning – speed 134
Summer pruning 45, 128-134, 141
Sunlight 13, 31, 32
Sunmuscat - Grade specifications 177
Sunmuscat 21, 28
Sunmuscat naturals - Grade specifications 178
Super wetter 130, 131
Super wetter mixing rates 131
Superannuation 107
Swingarm trellis – reworking existing vines 145, 215-217
Swingarm trellis 21, 32-35, 45, 50, 127, 142
Swingarm trellis development 143-144

T
Tax – picking teams 107
Tax file number 106-107
Tax 104-106
Teleki 5A 27
Tendrils 13
Tensiometers 66-67
Three cornered jack 160
Tolerance levels – contaminants 172

Traceback 158, 185
Tractor safety 197
Training - safety 206
Transport 186
Treatment charges 158
Trellis construction 38
Trellis drying – advantages 127
Trellis drying 31-34, 108
Trellis modification 145, 215-217
Trellis type 31-34
Trellis – swingarm 21, 32-35, 45, 50, 127, 142
Trellis wires 38
Trimming up 43

U
Undeveloped berries 19
V
Veraison 16
Vine care 141
Vine performance 17
Vine spacing 32, 34
Vine training 31, 34, 42
Vine vigour 19, 27-28, 31-33, 41, 128, 141
Vinegar fly 88
Vineyard setup 128
Virus testing 26, 29
Viruses 25-26, 29

W
Walker strainers 37
Waltham cross 21
Weed control 54, 141, 161-162
Weeds 160
Weighing fruit 172
Wetters 114-116
Wetting machines 132
Wetting speeds 131-132
Wetting spray pressure 132
Wetting 129
Wine machines 98
Winter pruning 133, 141
Wire contaminant 165
Wire joiners 39
Wire knots 40
Wire strainers 37
Wire ties 37
Workers compensation 107
Workplace safety 104-105, 189
Workshop safety 201
Workshop storage 202
Worldwide production – sultana 12

Y
Yields 31-34
Young vines 30, 42, 48, 142

Z
Zante currant 19, 28, 33
Zante currant – drying 116
Zinc 46-53
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