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Adoption of mechanised dried vine fruit production systems 

EXECUTIVE SUMMARY 

Australian dried grape growers must mechanise production and increase yields if they wish to 
remain viable in the future. Trel li s drying is the only technology which all ows dried grape 
producers to mechanise their harvest and pruning operations resulting in around 30% cost 
savings. 

Successful mechanisation of Sultana production almost always takes place in conjunction 
with vines grafted to Ramsey. However, some growers were concerned that the vigour of 
Sultana grafted to Ramsey was difficult to control resulting in yield loss. In a number of 
reviews by the industry a list of factors affecting the yield and fruitfulness of Sultana grafted 
to Ramsey and the "knowledge gaps" of total mechanisation of dried grape production were 
identified. The rapid decl ine of dried grape production during the wine industry boom in the 
mid 1990's also forced the dried grape industry to develop strategies to stabilise the industry. 

With the above issues in mind, studies were carried out on: 

• Managing vigour of Sultana vines grafted to Ramsey rootstock, 
• Fruitfulness of Sultana vines grafted to Ramsey rootstock, 
• Yield monitoring from mature (more than 30 years) Sultana vines grafted to Ramsey 

rootstock, 
• Mechanisation of cordon bunch removal , 
• Development of appropriate tools for mechanisation, and 
• Technology transfer. 

Based on the studies carried out, the following conclus ions were made. 

Managing vigour of Sultana vines grafted to Ramsey rootstock 

Managing by vine spacing: 
• The extent of vine spacing will depend on soil type, canopy architecture and overall 

vineyard management system. 

Managing by root pruning: 
• The limited study showed that root pruning offers growers a technique to control vigour 

but results in a yie ld loss (9-1 2% ). 

Fruitfulness of Sultana vines grafted to Ramsey rootstock 
• In general, Sultana vines grafted to Ramsey rootstock produced higher yie lds than own

rooted vines on all type of trellises. 
• Sultana vines grafted to Ramsey and trained on Shaw swingarm trellis consistently 

produced the highest number of shoots per vine, resulting in the highest yield per vine. 

Yield monitoring from mature Sultana vines grafted to Ramsey rootstock 
• With correct canopy management, Sultana vines grafted to Ramsey rootstock can still 

produce high yields after more than 30 years. 
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Mechanisation of cordon bunch removal 

Flame, steam and brush: 
• The application of naked flame and steam caused excessive damage to vine shoots and 

failed to remove cordon bunches to an acceptable level. 
• A prototype machine with a set of brushes had reasonable success in removing cordon 

bunches but it caused excessive damage by removing most of the shoot tips and scarring 
the shoots. 

Removal of cordon bunches by chemicals: 
• Regardless of spray style (flooding or misting), high volume application of an emulsion 

of 2.4% caustic potash and 1.5% grape drying oil caused significant fruit loss for Sultana. 
• In general, the double application caused fruit loss for both Sultana and Carina Currant 

vines. 
• An emulsion of 2.4% caustic potash and 1.5% grape drying oil was found to be promising 

in terms of cordon bunch removal (70% removal), however the excessive shoot burning 
made it less appealing. 

• A solution of 2.5% ammonium nitrate and 0.01% wetting agent (Agral 600) at the stage 
of 9 leaves separation and a solution of 3.0% ammonium nitrate and 0.01 % Agral 600 at 
the stage of 13 leaves separation were found to be the most effective in terms of cordon 
bunch removal. These treatments successfully removed more than 70% cordon bunches 
with minimal shoot damage. 

• A high percentage (0. 12-0.15%) of Agral 600 in the solution of ammonium nitrate seems 
to be more effective than a low percentage (0.01 %) in terms of spray coverage and bunch 
killing. 

• Urea with 1.5% biuret at 3.5% and 4.5% concentrations did not remove cordon bunches 
from Carina Currant vines to a satisfactory level. 

Effect of cordon bunch removal by chemicals on vine health: 
• Results limited to one year only, showed that if correct rate of and style of spraying with 

an emulsion of 2.4% caustic potash and 1.5% oil is used then cordon bunches can be 
removed from Sultana and Carina Currant vines without any loss in yield. However, the 
long-term effects of repeated use of this chemical need to be assessed before making 
recommendations. 

Development of appropriate tools for mechanisation 

Modified wetting machine: 
• The distribution of copies of the plan of wetting machine Mark II has resulted in the 

construction of a number of wetting machines (estimation is 15 to 20) by growers and 
contractors. 

• More than 50 growers who used the wetting machine loan scheme through DNRE or lPC 
to wet an estimated 193 hectares either now own a wetting machine or have access to one. 

Radial head harvester: 
• The commercial version of Shaw radial head harvester has performed very well 

harvesting Sultana, Carina Currant and Sunmuscat despite wet harvest seasons on 
different tre llis types. In general growers were highly satisfied with the performance of 
the harvester. Twenty eight growers used the harvester to harvest a total of 45 hectares. 

A book on installation and management of Shaw swingarm trellis: 
• The publication titled "Shaw Swingarm Trellis-Maximum Mechanisation in Trellis Dried 

Grape Production" will help growers who are contemplating reworking their existing 
trellises or planting new areas to Shaw swingarm trellis. 
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Adoption of mechanised dried vine fruit production systems 

Best practices for harvesting: 
• "Best practices to harvest dried grapes on Shaw Swingarm Trellis" was published to assist 

growers preparing their properties for harvest. 

Technology transfer 

• Introduction of the Shaw swingarm tre lli s has s ignificantly motivated growers to adopt 
trellis-drying for the production of dried grapes. Eighty fi ve percent of the growers who 
trellis dried for the firs t time intend to adopt a trellis system which is more suited to 
mechani sation of dried grape production. 

• An accredited and structured Trellis Drying Course has been modified and improved and 
is being offered to growers through Drying for Profit and the Sunraysia Institute of 
T AFE. Since 1996, about 200 growers have attended the course. 

• The promotion of mechanised production of trellis dried grapes in different grape 
growing regions of Australia has resulted in a significant increase in area planted to Shaw 
swingarm tre llis. It is esti mated that the area of vines already planted to Shaw swingarm 
trellis and the area intended to be planted over next 2 to 3 years wi ll total 2,000 hectares . 

7 



Adoption of mechanjsed dried vine fruit production systems 

BACKGROUND 

In July 1994, a 12-month project was funded by Dried Fruits Research and Development 
Council (DFRDC) to review literature and gather anecdotal evidence on the use of Ramsey 
rootstock for dried grape production. This project was undertaken because some growers 
voiced their concern about declining yields of Sultana grafted to Ramsey rootstock and had 
trouble in controlling excessive vigour. The review was completed and the find ings were 
published in June 1995 in a book titled "Sultana grafted to Ramsey: Grower experiences
practices & perceptions". 

A list of factors affecting yield and fruitfulness of Sultana grafted to Ramsey was identi fied in 
the review. In conjunction with the Ramsey review, the DFRDC mechanisation committee 
had identi fied "knowledge gaps" of total mechanisation of dried grape production. 
Consequently, in July 1995 a project (DAV80D) titled "Optimising vine management for 
mechanisation and managing vigour of Ramsey rootstock" was funded by DFRDC to address 
both areas through the following objecti ves: 

• Optimise mechanisation of cordon bunch removal. 
• Determine optimum vine spacing for particular soil types. 
• Revisit old Ramsey trial sites and collect yield data. 
• Document, and monitor grower experience with root pruning. 

Agriculture Victoria, Mildura and CSIRO Plant Industry, Horticulture Unit, Merbein jointly 
ran this project as part of the Ri verlink initiati ve. 

A rapid decl ine in dried grape production during the wine industry boom of the mid 1990's 
forced the Australian Dried Fruits Assoc iation (ADFA), DFRDC and Ri verlink agenc ies to 
develop strategies for stabilising the dried grape industry. They identified that dried grape 
growers must mechanise production and increase yields if they wish to remain viable as 
producers. It was also identified that trellis drying is the only technology which all ows dried 
grape producers to mechanise harvest and in some cases pruning operations and can resul t in 
cost savings in the order of 30%. Despite the obvious benefit of trellis drying its adoption 
was very limited and remained static. Consequently, DFRDC funded a project (DAV86D) 
titled "Increasing the adoption rate of tre llis drying" in July 1997 with the following 
objectives: 

• Determine the rate of adoption of trell is drying by collecting accurate, up to date 
statistics on areas and tonnages of trellis dried grapes produced in 1998, 1999 and 
2000 and compare with baseline data collected in 1997. 

• Publish a book on installation and management of swingarm trellis . 
• Update wetting machine plans to incorporate changes to allow operation on Shaw 

swingarm trellis and continue wetting machine loan scheme. 
• Commission the construction of a commercia l version of the prototype radial head 

harvester and publish detailed construction plans, 
• Develop a communication strategy to de liver information to growers. 

In March 1998, the project research officer from DAV80D resigned and the research on 
cordon bunch removal remained incomplete. In Ju ly 1998, cordon bunch removal research 
was incorporated into the existing project, DA V86D and the project was renamed as 
"Adoption of mechanised dried vine fru it production systems". 
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OBJECTIVES (Combined-projects DAV80D & DAV86D) 

Vine spacing: 

• Determine the effect of vine spacing on yield of Sultana grafted to Ramsey rootstock. 

Yield from mature (more than 30 years) Sultana vines grafted to Ramsey rootstock: 
• Revisit old Ramsey trial sites and collect yield data. 

Effect of root pruning: 

• Document, and monitor grower experiences with root pruning. 

Fruitfulness of vines: 

• Optimise fruitfulness by investigating canopy architecture and trellis design . 
• Determine fruitfulness and productivity of vines with crown bunches removed in spring. 

Cordon bunch removal: 

• Investigate different mechanical and chemical methods of cordon bunch removal. 
• Design and construct an enc losed canopy spray hood for spray application to cordon 

bunches. 
• Determine optimum configuration of nozzle type, orientation and pressure for effective 

coverage. 
• Determine minimum volume required to effectively remove bunches 
• Determine correct adjuvant for optimum bunch removal 

A book on Shaw swingarm trellis: 

• Publish a book on installation and management of Shaw swingarm trellis. 

Wetting machine: 

• Update wetting machine plans to incorporate changes to allow operation on Shaw swingarm 
trellis. 

• Manage wetting machine loan scheme from July 1997 onwards. 

Shaw radial head harvester: 

• Commission the construction of a commercial version of the prototype radial head harvester 
and publish detailed construction plans. 

• Provide and manage contract harvesti ng with the radial head harvester. 

Rate of adoption of trellis drying: 

• Determine the rate of adoption of trellis drying by collecting accurate, up to date statistics 
on areas and tonnages of trellis dried fruit produced in 1998,1999 and 2000 and compare 
with baseline data collected in 1997. 

Technology transfer: 

• Develop a communication strategy to deliver information to growers. 
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Outcomes: 

• The book "Sr1aw swingarm trellis-maximum mechanisation in 
trellis dried grape production" to help growers with the installation and 
management of the Shaw swingarm trellis system. 

• Updated plans of the wetting machine, for growers to build their own wetting machines. 
• A commercial Shaw radial head harvester for growers to hire, and plans of the machine are 

made available for growers to build their own machine. 
• Better understanding of cordon bunch removal techniques and fruitfulness of vines. 
• A well structured trellis drying short course. 
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Adoption of mechanised dried vine fruit production systems 

1. INTRODUCTION 

Australia produces juicy golden sultanas and other quality dried grape products for which it 
receives premium prices on domestic and overseas markets. However, Australian growers are 
in vigorous cvmpetition with other dried grape producing countries with cheaper labour. The 
Australian dried grape industry is also facing competition from the domestic wine industry. 
To meet these challenges Australian dried grape growers must produce qual ity fruit at a 
competitive price. As a result, there are pressures on growers to mechanise their production 
methods to save on labour costs. 

Trellis drying is one technology which allows dried grape producers to mechanise harvest and 
in some cases pruning operations resulting in cost savings in the order of 30%. Despite the 
input of significant resources into research and extension programs run over the past 20 years, 
adoption of trellis drying has been limited and appears to have remained relatively static. 

The discussion among ADFA, DFRDC and River! ink agencies identified the following main 
aspects to facilitate the adoption of tre ll is drying technology: 

Grower education and technology transfer 

A core group of growers form the "backbone" of trelli s dried fruit deliveries and probably 
account for about 10% of dried grape production. These growers are committed to and 
acti vely promote the technology. A significant proportion of remaining growers has vines 
suitable for tre llis drying but were e ither philosophically opposed to trelli s drying or are 
misinformed about perceived fruit quality and vine health problems. However, over the last 2 
to 3 years grower attitudes toward trelli s drying have changed and adoption has increased 
significantly . 

Development of appropriate technology 

Cordon bunch removal is the major vineyard operation still to be mechanised . 

Management of vine vigour 

Successful mechanisation of Sultana production almost always takes place in conjunction 
with vines grafted to Ramsey rootstock. Over recent years some growers have been 
concerned that Sultana clones grafted to Ramsey have become progressively less productive 
from around year six onward . However, this is not universal and there are examples where 
growers have been able to maintain high productivity beyond year six . 

This project combined resources of ADFA, DFRDC, Riverlink agencies, Drying for Profit 
and Sunraysia Institute of T AFE to provide the stimulus for a significant increase in the 
adoption of trellis drying technology. A comprehensive study on techniques for cordon 
bunch removal was carried out in conjunction with Spraysearch. Information was also 
collected on factors affecting the performance of vines grafted to Ramsey rootstock. 

This publication reports the detailed methodology, results and discussion of the fi ndings of 
projects DAV80D and DAV86D. 
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2. RESEARCH METHODOLOGY AND MATERIAL USED 

The DFRDC mechanisation committee comprising grower members and members from 
DFRDC, Agriculture Victoria, Mildura and CSIRO Plant Industry, Horticulture Unit, 
Merbein provided direction and support for the project. The committee met formally at least 
twice a year during the life of the project. 

2.1 Vine Spacing: 

Trials were established at Sunraysia Horticultural Centre, at a winery and on a co-operating 
grower's property. All three trial sites were existing plantings in which every second vine was 
removed to increase spacing between vines (Figures 2.1.1 and 2.1.2). It was intended that the 
tria l sites have a standard experimental design to allow comparisons between locations. The 
vineyard management and soil type at each location was different. 

Figure 2.1 .1 1.2 m vine spac ing at SHC. 
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Figure 2. 1.2 A 4.0 m vine spacing at a winery. 

2.2 Yield from mature (more than 30 years) Sultana vines grafted to Ramsey 
rootstock: 

In 1966 Max Sauer of CSIRO, Merbein established eleven rootstock trial sites on privately 
owned vineyards throughout Sunraysia. These sites included vines of Sultana H5 grafted to 
Ramsey rootstock and own-rooted Sultana H5 vines. Yield data gathered over 5 years from 
these trials was the basis for recommending Ramsey as the preferred rootstock in the 
Sunraysia area. 

Seven of these old trials still exist. Of these, five remain in their original state: 3.5 feet (1.07 
m) high x 12 inch (0.3 m) wide T-trellis with 7.5 feet (2.3 m) vine spacing and 10 feet (3.0 m) 
row spacing (Figure 2.2. 1). Of the remaining two sites, one grower has increased the trel lis 
height to 4.5 feet (1.4 m), the other has increased the trellis width to 3.3 feet ( 1.0 m) [Figures 
2.2.2 and 2.2.3]. 

Five of these 7 sites were harvested during 1997 and only 3 sites were harvested during 1998. 
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Figure 2.2.1 Original trellis of Ramsey rootstock trial located at Merbein. 

Figure 2.2.2 Increased trellis height of Ramsey rootstock trial located at Dareton. 
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Adoption of mechanised dried vine fruit production systems 

Figure 2.2.3 Increased tre llis width of Ramsey rootstock trial located at Irymple. 

2.3 Effect of root pruning: 

A root pruning trial was conducted on a co-operating grower's property in the Sunraysia 
district. A large coulter fi tted to the s ide of a blade plough frame was used to prune the vine 
roots (Figure 2.3.1). The pruning was implemented at 0.4 m from the base of the vine and on 
both sides, at a depth of 0 .35 m. 

Figure 2.3.1 The machine used for root pruning. 
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T he treatments were applied after flowering. Initially the grower pruned the roots of a 
number of vines on 15 November 1994. On 14 December 1995 some of these vines were 
again root pruned, as well as a number of new vines. Consequently, there were 3 root pruning 
treatments: a) Only once in 1994, b) First in 1994 and then in 1995 and c) Only once in 1995. 

The yield data from control and root pruned vines were collected for 1996 and 1997 seasons. 

2.4 Fruitfulness of vines: 

The re lationship between canopy architecture and vine fru itfu lness was investigated us ing 
Merbein bunch count techniques (Antcliff et al 1972). The investigation also extended to 
compare the fruitfu lness of own-rooted Sultana and Sultana vines grafted to Ramsey 
rootstock. A number of different trellis types were included in this study. 

2.5 Cordon bunch removal: 

Since 1996, the following mechanical and chemical methods were trialed during spring on 
vines trained to Shaw Swingarm trelli ses with the aim of removing cordon bunches 
effectively with little or no shoot damage. 

Sultana and Carina Currant vines grafted to Ramsey rootstock were the subject of the trials. 

Flame, steam, brush 

F lame (Figures 2.5.1 and 2.5.2) and steam treatments were applied us ing a simple boom 
attachment. 

A prototype machine with a set of brushes (Figure 2.5.3) was also designed and built at SHC 
to remove cordon bunches. 

Figure 2.5. 1 Preliminary trial with liquid gas (naked flame) on garden lawn. 
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Figure 2.5.2 A machine to apply flame on vine shoots. 

Figure 2.5.3 A set of brushes in action removing cordon bunches. 
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Different chemicals 

The effectiveness of the following chemicals on cordon bunch removal were investigated : 

• Caustic potash (90% potassium hydroxide) 
• Emulsion of caustic potash and grape drying oil (active constituent: 596 giL ethyl esters 

mixed in fatty acids) 
• Emulsions of potassium carbonate and grape drying oil, and 
• Dormant oil (active constituent: 861 giL petroleum oil) 
• Hair spray (acti ve constituents: alcohol, butane, propane etc) 
• Burning sulfur 

These chemicals were applied either by hand sprayers or by a simple spray boom attachment 
(Figure 2.5.4). 

F igure 2.5.4 A simple spray boom attachment applying chemical on cordon bunches. 

Experimental spray applicator 

An enclosed hood spray applicator was designed and constructed at SHC to determine the 
optimum configuration of nozzle type, orientation and pressure for effective coverage in 
commercial application. In 1998, this spray applicator was trialed using the emul sion of 
caustic potash and grape drying oil on Sultana and Carina Currant vines (Figure 2.5.5). 

Flooding and misting styles of spray application were used in the trials. The misting style 
appl ication used only about half of the spray volume compared with the flooding style 
application (Table 2.5.1). Therefore, the volume identified as high or low for flooding style 
nozzles is different from the volume identified as high or low for misting style nozzles. 
Table 2.5 . 1 Nozzle type and spray volume used in the trials. 

18 
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Spray Style Vol. Applied Pressure No. of Nozzles Nozzle ID 
(L/m) (psi) 

Top Boom Bottom Boom 
Flooding 0.90 (high) 15 3 0 VeeJet 6570 

0.43 (low) 15 1 0 V eeJ et 65 I 00 
Misting 0.46 (hi gh) 44 5 3 FuiiJet TG-4 

0.23 (low) 44 3 1 FullJet TG-4 

These trials were designed to determine: 
• Correct nozzle type 
• Nozzle orientation and pressure for effecti ve coverage 
• The right chemical 
• Chemjcal concentration, and 
• Spray timing 

Figure 2.5 .5 The enclosed hood spray applicator in action. 

Pilot t ria l s 
In 1998, thirty-nine experimental plots (13 treatments x 3 replications) were established in a 
row of 39 Carina Currant vines. One-half of a vine was used as the experimental plot while 
the other ha lf was used as buffer. Different rates of ammonium nitrate, caustic potash and 
potassium carbonate were trialed. The chemicals were applied to cordon bunches using hand
held sprayers. 

Ammonium nitrate and urea (with 1.5% biuret) at specific strengths were sprayed on Sultana 
at SHC as preliminary trials using a hand-held pump. 

19 



Adoption of mechanised dried vine fruit production systems 

In 1999 solutions of urea (with 1.5% biuret) at 2 different concentrations were applied on 
Carina Currant at 8-9 leaf separation stage. High volumes (Table 2.5.1) of these solutions 
were applied using the flooding style spray. 

Trials with ammonium nitrate 

In 1999 ammonium nitrate was sprayed on Carina Currant and Sultana using the spray 
applicator at various rates and vine growth stages. Only the flooding style of application was 
used. A high and a low volume were used on both varieties. 

Effect of cordon bunch removal by chemicals on vine 
fruitfulness 

The fruitfulness of vines which were sprayed with chemicals to remove cordon bunches, were 
assessed using Merbein bunch count techniques (Figure 2.5.6) during spring and by collecting 
yield data during harvest. 

Figure 2.5.6 Bunch counting and data recording. 

2.6 A book on Shaw swingarm trellis: 

A book titled "Shaw swingarm trellis- Max imum mechanisation in trellis dried grape 
production" was written by DNRE Staff in collaboration with Ivan Shaw, the inventor of 
Shaw swingarm tre llis system. The General Manager of DFRDC, Ross Skinner, has made 
valuable comments on the drafts. This book details current information on the Shaw 
swingarm trelli s and has been produced to help growers who are considering using this 
system to produce dried grapes. 
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2.7 Wetting machine: 

Wetting machine modification 

In 1997, the width and height of the experimental wetting machine were increased at a local 
engineering workshop to fit over the Shaw swingarm trelli s (Figure 2.7.1). The full working 
drawings of the wetting machine were updated incorporating these modifications. 

Figure 2.7.1 Modified wetting machine spraying over Shaw swingarm trellis. 

Loan scheme 

An experimental wetting machine was designed and constmcted for a former DFRDC funded 
project, DAV 28F (completed in 1994). The machine was made available (free of cost) to 
growers who were considering trellis drying for the first time. DNRE staff inspected 
interested growers' properties prior to harvest season to assess the tre llis and vine condition, 
accessibility for the wetting and harvesting machines and any other foreseeab le constraints to 
successful tre llis drying. Only properties su itable for trelli s drying were considered for the 
scheme (Figure 2.7.2). 

DNRE staff also provided basic training on how to operate the machine and foll ow-up 
technical support throughout the season. 

21 
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Figure 2.7.2 The wetting machine is about to be used by a grower in the loan scheme. 

2.8 Shaw radial head harvester: 

Construction of a commercial harves ter 

A prototype radial head harvester was built and tri aled by Ivan Shaw, a dried grape grower 
from Merbein in Victoria. During 1998 harvest Fred Hancock, Technical Assistant at SHC, 
obtained valuable experience on the prototype harvester by working with Ivan Shaw and 
operating the harvester on 3 growers' properties in Red Cliffs. Based on this experience a li st 
of recommendations was made on what changes and improvements to the prototype would be 
required to build a commercial radial head harvester. 

The construction of the commercial version of the Shaw radial head harvester was 
commissioned with a local manufacturer (Figure 2.8.1 ). The construction of the harvester 
was completed towards the end of 1999-harvest season. The harveste r was trialed on enough 
properties during this season to sort out the furthe r improvements it required before being 
used in the 2000-harvest season. 
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Figure 2.8. 1 The commercial version of Shaw radial head harvester under construction. 

Contract harvesting 

The availabil ity of the harvester for hire was advertised in the media and th rough Drying for 
Profit. Fred Hancock at SHC coordinated the harvest at interested growers' properties. 
Unfamiliar properties were inspected and assessed for suitability to use the harvester. A local 
contractor was employed to transport the harvester between properties. A number of growers 
hired the harvester during 1999 and 2000 seasons (Figure 2.8.2) 

Growers were charged about 50% of the commercial harvest contract rate to reimburse some 
of the associated expenses of contract harvesting. 
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Figure 2.8.2 Shaw radial head harvester in action. 

2.9 Rate of adoption of trellis drying: 

In March 1997, an aerial survey of Mildura, Red Cliffs, Merbein, Curlwaa and Dareton was 
conducted to locate areas of trelli s dried grapes. The plane flew at about 168m above the 
ground and 3 people in the plane spotted and marked the locations of trellis dried grape sites 
on maps. 

A large percentage of trellis-drying growers located from the air were identified from maps. 
The remaining properties were located by driving through the area and confirming the 
growers' identity. Once a list of growers was established they were requested to complete a 
structured questionnaire on trellis drying (see Appendi x A) . 

The same questionnaire was used to survey growers who borrowed the wetting machine 
through the loan scheme in 1998. 

A comprehensive survey on trellis drying is being conducted now (July 2000) in conjunction 
with Drying for Profit and the results will appear in a separate report. 

2.10 Technology transfer: 

The combined resources of ADFA, DFRDC, Riverlink agencies, Drying for Profit, a number 
of progressive growers, Spraysearch and the Sunraysia Institute of TAFE worked on 
technology transfer. Methods used included seminars, farm walks, displays at field days, 
short courses and focussed group discussions (Figures 2.10.1, 2.10.2 and 2.10.3). 
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Figure 2.10.1 Growers showing keen interest in Shaw swingarm trelli s. 

Figure 2. 1 0.2 Growers learning about trellis drying. 
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Figure 2.1 0.3 Shaw radial head harveste r being explained to growers. 

3. RESULTS AND DISCUSSION 

3.1 Vine Spacing: 

The results of this trial have formed the basis for further work in thi s area. The results have 
highlighted the following: 

• Vines can be spaced further apart without reducing the yield. 
• The extent of vine spacing will depend on soil type, canopy architecture and overall 

vineyard management system. 

A new DFRDC funded project has commenced this year to further investigate the issue of 
vine spacing. 

The average yield of re-spaced vines at SHC block was significantly lower than that of the 
control vines (Figures 3.1 .1 and 3.1.2). The suggested cause for this was that established old 
vines were unable to extend healthy cordons to fill the gaps and produce fruit. Extra care (eg 
extra nutrition and irrigation) may have overcome this problem. However, it was considered 
that this would bias a particular treatment. 

The other two trial sites are identified as property "A" and property "B" . 
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Effect of vine spacing on average yie ld ( 1994- 1998) for vines grown on 
Shaw double cordon trellises at SHC. 

The three metre vine spacing at property "B" produced significantly (p=0.05) more yield than 
all other vine spac ings at properties "A" & "B" (Figure 3. 1.3). The control vines at property 
"B" a lso produced significantly hi gher yields than the control at property "A" (Figure 3.1.3). 
Based on soil type, canopy architecture and the overall management system, bunch and berry 
size can vary resulting in di fferent yields at different sites. 

A vine can be spaced further without reduc ing the yield as shown in Figu re 3 .1.3 for property 
"A" (no difference in yield for 3 & 4 m spac ings). 
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3.2 Yield from mature (more than 30 years) Sultana vines grafted to Ramsey 
rootstock: 

Even after more than 30 years, Sultana vines grafted to Ramsey rootstock consistently yielded 
more fruit than the ir own-rooted counterparts (Table 3.2.1). This is contrary to the belief that 
they decline in yield after about 7 years. 

Table 3.2.1 Performance of own-rooted and grafted (Ramsey) Sultana vines in Sunraysia 
area. 

District Trellis Vines Av. Cane Av. Bunch Av. Bunch Sugar Av. Yield 
Type No./vine No./vine Weight Level (Dry 

(kg) (
0 Brix) Tonne 

/hectare) 
'97 '98 '9 7 '98 '97 '98 '97 '98 '97 

Site 1 T-tre llis I Own-rooted 7.6 6.2 48.1 41.0 0.49 0.33 14.5 20.3 5.7 
lrymple Ramsey 14.9 13.1 70.4 80.7 0.67 0.44 17.7 19.3 11.1 
Site 2 T-tre llis2 Own-rooted 9.3 7.0 34.4 62.8 0.43 0.29 19.0 22.0 3.7 
Dare ton Ramsey 15.4 15.9 38.2 80.1 0.53 0.39 18.2 22.1 4.9 
Site 3 T-trellis3 Own-rooted 7.5 - 35.2 - 0.47 - 20.4 - 3.5 
Red Cliffs Ramsey 11.3 - 55.9 - 0.67 - 19.7 - 8.2 
Site4 T -tre llis3 Own-rooted 5.7 8.2 26.7 70.7 0.39 0.33 23.6 19.4 3.7 
Merbein R amsey 5.0 9.3 21.3 99.2 0.48 0.39 20.7 20.2 3.2 
Site 5 T-treHis3 Own-rooted 5.4 - 8.7 - 0.27 - 22.4 - 0 .7 
Merbein Ramsey 8.8 - 22.7 - 0.47 - 20.5 - 4.0 

Notes: 
Trellis I: A 1.0 m wide Tee at 1.3 m above the ground with a foliage wire at 0.28 m above the Tee. 
Trell is 2: A 0.3 m wide Tee at 1.4 m above the ground. 
Trellis 3: A 0.3 m wide Tee at 1.07 m above the ground. 

In 1997, Sultana vines grafted to Ramsey rootstock at Site 4 did not obtain yield greater than 
own-rooted vines. The reason for this may be attributed to inappropriate vineyard 
management practices. 

At Site 1, the trellis height and width have been increased and one foliage wire added to better 
manage the vigour of the Ramsey rootstock. This resulted in reduced shoot crowding and 
shading, improved light penetration into the canopy and increased bud fruitfulness. As a 
result, Site l had a consistent yield over 1997 and 1998. The average yield at Site 1 was 
significantly higher than the average yield obtained at all other sites. 

These results indicate that with correct canopy management, Sultana vines grafted to Ramsey 
rootstock can still produce high yields even after more than 30 years in the grou nd. 

3.2 Effect of root pruning: 

Root pruning did control vigour but resulted in yield loss (9-12%). It takes more than a year 
for vines to recover and produce similar yields to that produced prior to root pruning (Figure 
3.3. 1). If needed, root pruning may be applied every second year. However, the long-term 
effect of repeated root pruning on vine health and producti vity needs to be assessed before 
recommending it as a technique for vigour control. 
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Effect of root pruning on the yield of Sultana vines grafted to Ramsey 
rootstock. 

3.4 Fruitfulness of vines 

Sultana vines grafted to Ramsey rootstock and trained on Shaw swingarm trell is consistently 
produced the highest number of shoots per vine (Figure 3.4.1), resulting in highest yield per 
vine (Figure 3.4.4) amongst the vines and trellis systems examined. This was due to a 
uniform cane distribution (reducing shoot crowding) and better exposure of replacement 
canes to sunlight on Shaw swingarm trellis. For all trellis types, the number of shoots per 
vine for grafted Sultana was proportional to the yield per vine, thus number of shoots was a 
good indicator of yield (Figures 3.4.1 and 3.4.4). However, this did not happen with own
rooted Sultana vines. Often own-rooted Sultana vines produced more bunches per vine than 
grafted Sultana vines (Figure 3.4.2) but the average bunch weight on own-rooted vines was 
significantly less than that of grafted vines (Figure 3.4.3). 

The performance of own-rooted Sultana vines was very unpredictable. In general (except in 
1996 on Shaw swingarm trellis), no particular trellis type significantly increased the yield of 
own-rooted Sultana vines (Figure 3.4.4). It appears that the yield potential of own-rooted 
Sultana vine is limited. 
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Shoot number per Sultana vine in spring on different trellis system. 

In general, all trellis systems produced greater yields when Sultana was grafted to Ramsey 
rootstock. This is due to the fact that Sultana on Ramsey has larger bunches than own-rooted 
vines. 
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3.5 Cordon bunch removal: 

Flame, steam, brush 

The application of naked flame and steam caused excessive damage to vine shoots and failed 
to remove cordon bunches to an acceptable level. 

A prototype machine with a set of brushes had reasonable success, however it caused 
excessive damage by removing most of the shoot tips (Figures 3.5.land 3.5.2) and scarring 
the shoots (Figure 3.5 .3). Consequently, other bunch removal techniques were pursued. 

Figure 3.5.1 Undamaged shoots before the use of brushes. 
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Figure 3.5.2 Young shoot tips are damaged after the use of brushes. 

Figure 3.5.3 Shoot scarring caused by the brushes. 
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1998-99 trials: 
Cordon bunches removed by using caustic potash 

The results of 1998-99 trials showed that on Shaw Swingarm trellis, cordon bunches 
amounted to approximate ly: 
• 7% of totaJ crop on Sultanas (22% of this was compensated for in fruit yield if hand 

removed in spring- see control treatment, Figure 3.5.4) 
• 15% of total crop on Currants (48% of this was compensated for in fru it yield if hand 

removed in spring- see control treatment, Figure 3.5.5) 

The industry standard practice is to remove cordon bunches by hand in spring. However, 
after hand removal in spring, about 1.5% of total crop still remained as cordon bunches on 
both Sultanas and Currants (Figures 3.5.4 and 3.5.5). It was considered uneconomical to 
remove these few bunches. The e ffectiveness of a ll treatments in terms of cordon bunch 
removal was compared against the results of hand removal (HR) treatment. 

Some of the treatments causing minimal shoot damage were comparable to the results of hand 
removal treatments (Figures 3.5.4 and 3.5.5). 

Regardless of spray style, that is whether flooding or misting, high volume application caused 
significant yield loss for Su ltana compared with hand removal treatment (Figure 3.5.4). In 
general, the double application caused yield loss for both Sultana and Carina Currant. O nly 
two treatments of double application with low volume were applied to Carina Currant and 
both of them caused significant fruit loss. 

Usually, the run off of emulsion from the cordon bunch zone into the fruit ing zone caused a 
loss in yield, and the run off increased with increased spray volume. High volume application 
and double application may have caused increased toxic ity to vines causing a set back and 
resulting in higher yield losses. 

It appeared that the flooding style single application with low volume (FN_S_Lo) for Sultana 
and flooding style single application with high volume (FN_S_Hi) for Carina Currant could 
be effecti ve treatments for commercial use (Figures 3.5.4 and 3.5.5). These treatments 
successfu lly removed 70% of cordon bunches with minimal damage to vine shoots. The 
flooding style was preferred to the misting sty le because it requires only the top spray boom 
simplifying spray applicator design. 
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Figure 3.5.4 The extent of cordon bunch removal from Sultana vines using an emulsion of 
2.4% caustic potash and 1.5% grape dry ing oil at 8 and 11 leaves separation 
stages. 

The emulsion of 2 .4% caustic potash and 1.5% grape drying oil caused burning of young 
shoots. This resulted in stunted shoot growth (Figure 3.5.6). This caused concern regarding 
the future fruitfulness of these shoots. However, the shoots produced enough canopy within 2 
months that it was hard to differentiate the treated vines from the untreated vines (control). 
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Figure 3.5.5 

F igure 3.5.6 

The extent of cordon bunch removal from Carina Currant vines using an 
emulsion of 2.4% caustic potash and 1.5% grape drying oil at 8 and 1 l leaves 
separation stages. 

Stunted shoot growth after 10 days of spraying with the emulsion of 2.4% 
caustic potash and 1.5% oil. 
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A dead cordon bunch on Carina Currant vine after spraying with a 2% 
solution of ammonium nitrate containing 0.0 1% Agral 600. 
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Control Urea_2% Urea_3% Urea_4% 

Treatments 

The extent of cordon bunch removal from Sultana vines using different 
concentrations of urea (with 1.5% biuret). 

The mode of action for urea appeared quite different to that of ammonium nitrate. Urea 
caused a period of accelerated growth before causing the berries on the bunch to fall off, 
while ammonium nitrate burnt bunches and foliage (Figure 3.5.8). 
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The effecti veness of bunch removal increased as the concentration of urea solution increased 
(Figure 3.5.9) . At 4% concentration the whole bunch dropped off the shoot but at 
concentrations lower than 4% some berries remained on the bunch. This result encouraged 
further testing of urea on Carina Currant in 1999 in another pilot trial. Results are shown later 
in this section (Figure 3.5.16 ). 

Effect of cordon bunch removal by chemicals on vine fruitfulness 

In 1999, there was no significant difference between treatments FN_S_Lo and HR in terms of 
yield (Figure 3.5.4), the same trend again appeared in 2000. This suggests that if correct rate 
and sty le of spraying is used then cordon bunches can be removed from Sultana vines using 
chemicals without losing the yield. However, the result is limited to one 
year only and there was no scope i n the trial to assess the 
long term effect of cordon bunch removal by chemicals on vine 
h e alth or sustainable yield . 

Some Sultana vines tend to show patterns of biennial bearing (large crop followed by small 
crop). In general, vines in Sunrays ia area obtained higher than average yield in 1999, hence a 
smaller yield may have been expected from Sultana vines in 2000. This has been reflected in 
the trial as the control vines (untreated) produced the smallest numbers of bunches and also 
the lowest yield amongst a ll treatments (Figures 3.5.10 and 3.5. 11). This may have happened 
because control vines were allowed to produce their maximum potential yield of 78 fresh t/ha 
in 1999 compared with other treatments. 

Merbein bunch count in October 1999 on Carina Currant vines showed that some treatments 
did differ from othe rs (Figure 3.5.12). However, in March 2000 there was no significant 
difference between treatments in terms of yield of Carina Current (Figure 3.5.13) because of 
the compensation in bunch size that occurred. Like Sultana vines, if correct rate and style of 
spraying is used then cordon bunches can be removed from Carina Currant vines using 
chemicalswithoutlosing theyield. Once again, the result is limited to 
o ne year only and the long - term e ffect on vine health or 
sustainable yield is still unknown. 
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Figure 3.5.10 Bunch count in October 1999 on Sultana vines that were treated with 2.4% 
caustic potash and 1.5% grape drying oil in October 1998. 
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Figure 3.5.11 Yield monitored in February 2000 on Sultana vines that were treated with 
2.4% caustic potash and 1.5% grape drying oil in October 1998. 
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Figure 3.5. 12 Bunch count in October 1999 on Carina Currant vines that were treated with 
2.4% caustic potash and 1.5% grape drying oil in October 1998. 
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Figure 3.5. 13 Yield monitored in February 2000 on Carina Currant vines that were treated 
with 2.4% caustic potash and 1.5% grape drying oil in October 1998. 

1999-2000 trials 

Ammonium Nitrate 
Effects on Sultana 

The optimal growth stage was found to be the 6 leaves separated stage (S I) on vine shoots, 
for effective removal of cordon bunches using ammonium nitrate (Figure 3.5.14). However, 
significant loss in yield occurred at this growth stage, because there was very little canopy to 
protect the tender frui ting bunches from spray run off (S I. C l and S l C2, Figure 3.5.14). Shoot 
damage also appeared to be quite severe at this stage. Therefore, this growth stage is not 
suitable for cordon bunch removal by chemicals. 
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Growth s tage 2 wi th an average of 9 leaves separated; S3 = Growth 
stage 3 with an average of 13 leaves separated; C1 = An emulsion of 
2% ammonium nitrate + 0 . 01% Agral 600; C2 = An emulsion of 2 . 5% 
ammonium ni t rate+ 0.01% Agral 600 ; C3 = An e mulsion of 3% a mmonium 
nitrate + 0.01 % Agral 600; HR = Co rdon bunches hand removed in 
October; Control = No cordon bunches removed. 

Figure 3.5.14 The extent of cordon bunch removal from Sultana vines at different growth 
stages using solutions of ammoniu m nitrate at different concentrations. 

The effecti veness of a particular concentration of ammonium ni trate at a particular stage of 
growth was assessed. This would give growers a better idea of the window of opportunity 
that they have for using chemicals to remove cordon bunches. The combination S2C2 and 
S3C3 worked reasonably well compared with the HR treatment. Therefore, if the correct rate 
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is used then ammonium nitrate could be applied over a 10-day period (from 9 leaves 
separation to 13 leaves separation). 

The combination S3C 1 was not expected to remove cordon bunches to the extent it did. The 
reason for thi s is not clear. Ideally, the trial should be repeated more than one year to obtain 
conclusive results. 

Carina Currant 
After hand removal in spring 1999, a lot of cordon bunches (5% of total yield) remained on 
Carina vines (Figure 3.5. 15). This is significantly more than 1.5% which was remained after 
hand removal in spring 1998 (Figure 3.5.5). The most likely reason for this could be that the 
estimated cutting plane during hand removal of cordon bunches and spray application in 
October 1999 was not consistent with the actual cutting plane during mechanical cane cutting 
in February 2000. However, al l the treatments (excluding control) were as effective as the 
hand removal treatment. 

There was no compensation in the yield because of hand removal (Figure 3.5.15) unlike the 
1998-99 results where up to 48% compensation was observed (Figure 3.5.5). This could be 
attributed to seasonal effect. 

Only cordon bunch removal with 2.5% ammonium nitrate at the 6 leaves separated growth 
stage (S I C2) was marginally compensated for in yield. The effects of S IC2 treatment on 
future vi ne fruitfu lness need to be assessed before recommending this treatment to growers. 
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Notes: 
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nitrate+ 0 . 01% Agral 600; HR =Cordon bunches hand removed in 
October; Control = No cordon bunches removed 
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Figure 3.5. 15 The extent of cordon bunch removal from Carina Currant vines at different 
growth stages using solutions of ammonium nitrate at different 
concentrations. 

The recommended dose of Agral600 (0 .01 %) was used in 1998-1999 trials as the wetting 
agent, when the bunches were flooded from different angles with a hand-held sprayer. This 
produced excellent results. The same recommended dose of Agral 600 (0.0 l%) was used in 
1999-2000 tria ls, where bunches were sprayed using the experimental spray applicator. It 
appeared that the spray solution did not spread as well as it did in the 19998-1999 trials when 
hand-held sprayers were used. 

Ivan Shaw trialed different concentrations of ammonium nitrate on a number of rows of 
Carina Currant vines at the growth stage when about 9 leaves were separated. He used twelve 
and half times more Agral600 and blew the spray solution off the canopies with a fan 
resulting in a uniform coverage and the removal of cordon bunches. A solution of 2% 
ammonium nitrate, applied by the above method, was found to be very satisfactory. 
Consequently, the project team applied solutions of 2.5% ammonium nitrate conta ining up to 
fifteen times more than the recommended dose of Agral600 (0. 15%) on the buffer vines 
using the experimental spray applicator (no blower). The results (subjective assessment) were 
very satisfactory. 
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Figure 3.5.16 The extent of cordon bunch removal from Carina Currant vines at 9 leaves 
separation using urea in 1999-2000. 

The application of 4% urea (with no wetting agent) on Sultana vines using hand-held sprayers 
fu lly removed cordon bunches (Figure 3.5.9) with minimal shoot damage in 1998-1999 trials. 
This encouraged the project team to apply urea on Carina Currant using the experimental 
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spray applicator in 1999-2000 season. However, urea was not very effective in terms of 
cordon bunch removal from Carina Currant (Figure 3.5. 16). It appears that the spray 
coverage (using the spray applicator) of Carina Currant canopy was not adequate compared 
with hand spraying of Sultana in 1998-1999 season. T he Carina Currant canopy architecture 
is also different from Sultana. 

There was a poor trend which indicated that the fru it yield increased (yield compensation) and 
cordon yie ld decreased with the increased strength of urea solution (Figure 3.5.16). A 
solution conta ining higher percentage of urea and a wetting agent may remove cordon 
bunches from Carina Currant vines to an acceptable level. 

3.6 A book on Shaw swingarm trellis: 

The innovati ve approach to dried grape production by a Sunraysia grower, Ivan Shaw has 
resulted in the development of Shaw swingarm trell is. This trell is has evolved to its current 
stage through progressive development of Shaw double-cordon and Shaw single-cordon 
trellises over two decades. The Shaw swingarm tre llis has developed to a point where 
harvesting and pruning operations can be almost fu lly mechanised for dried grape production. 

The book titled 11 Shaw swingarm -Maximum mechanisation in trellis 
dried grape production 11 provides information on: 
• The background to the development of Shaw swingarm trellis, 
• How to manage the system. 
• Best possible trelli s components and installation methods, and 
• Best practices in vineyard establishment. 

For those growers who are contemplating reworking their existing trellises or planting new 
areas to Shaw swingarm trellis, this publication will help them get it right the first time, using 
the most cost-effective system. 

3.7 Wetting machine: 

Wetting machine modification 

The impact of the wetting machine plan has been very positive. It has been estimated that 30 
copies of the plans for the modified wetting machine (See Reference Section) have been 
distributed to interested growers and parties through DNRE and Drying for Profit. A number 
of wetting machines were built in 1999 mostly based on this plan (Figure 3.7. 1). According 
to a Drying for Profit estimate, at least 10 wetting machines are planned to be built in 2000. 
The plan is free to interested growers and corporations. 

In 1999 lrymple Packing Company (IPC), Merbein built a wetting machine and a spray tank 
using the plan. The machine was hired out to growers who supply their fruit to IPC. T his 
wetting machine was used to wet over 122 hectares in 2000. 
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A number of wetting machine frames at Mildura Cooperative Fruit 
Company's workshop at Coomealla. 

Wetting machine loan s cheme 

The wetting machine loan scheme was a successful model for encouraging growers to trellis 
dry. The scheme was only available to growers who were trellis drying for the first time. 

Registration for the scheme increased significantly in I 998 and 1999 seasons (Table 3.7.1) 
despite the consistent demand for sultanas by the wineries. This clearly indicated the growing 
interest in trellis drying in Sunraysia area. 

Table 3.7. I T he result of wetting machine loan scheme. 

a b c d 
Harvest Number of growers Number of growers Total area sprayed 
season registered to borrow the who used the (hectare) 

machine machine 
1996 8 6 12 
1997 6 6 10 
1998 12 8 18 
1999 20 12 31 

Total 46 32 71 
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The figures in columns 'b' & 'c' of Table 3.7.1 do not always match because of one or more of 
the following reasons: 

• The property was unsuitable for machinery access. 
• Improper trellis systems for trellis drying. 
• The grower hired a contractor before the wetting machine became available. 
• The grower made and used a simple wetti ng boom based on DNRE advice. 

The grapes wetted through the scheme resulted in e ither 5 crown (52%) or 4 crown (48%). 
Grapes that resulted in 4 crown were mainly disease infested. In one instance, a grower cut 
canes two weeks prior to wetting resulting in 4 crown fru it. 

A number of growers who used the scheme either now own a wetting machine or have access 
to one. 

3.8 Shaw radial head harvester: 

Construction of radial head harvester 

Mildura Cooperative Fruit Company prepared a set of working drawings of the harvester 
using a computer package. Version 1 of the machine was built based on these drawings. 

After 1999 harvest the following modifications were made to the harvester resulting in 
improved performance. 

1. The problem of speed fluctuation of the fan was removed by fitting an oil flow 
restriction in the line feeding the fan motor. 

2 . A separate pump was mounted for the lift rams to avoid problem of surging in the 
driving speed. 

3. The turning circle was improved by altering the linkage of the hydraulic ram attached to 
the front axle. 

4 . Side elevator was lowered by modifying the mounting brackets. 
5. Side frame was fitted on a swingable link to slide more freely. 
6. Side e levator air delivery was improved by eliminating sharp corners from the ducting 

system. 
7. Speed control lever was transferred from left hand to right hand side by mechanical 

linkages. 
8. Oi l return outlet was re-positioned by fitting an elbow. 
9. An inspection door was fitted on to the 'rear air box' for easy cleaning. 
10. Exhaust pipe was extended to e liminate health hazard to the dri ver from exhaust fumes . 
11. An adjustable bracket was fitted to the machine to enable p icking head to be mounted at 

an angled to improve harvest efficiency. 
12. Trailer drop axle was modified to have more ground clearance. 
13. A heavy-duty axle to eliminate axle bending replaced front pivot axle. 

After the above modifications, the harvester performed very well in 2000. The two minor 
faults that still exist with harvester operation are: 
• Dried grapes being flicked over the top of the catching system. 
• The operator has to drive hard against the vine trunks, to maximise harvest efficiency 

which causes unavoidable damage at times. 
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Both of these faults can be fixed by fitting an over the row hood attachment containing 
another set of fruit catching plates. It is expected that these features will be added to the 
machine by 200 I harvest. 
Harvester hire scheme 

In general growers were highly satisfied with the performance of the harvester. The harvester 
performed very well harvesting Sultana, Carina Currant and Sun muscat despite wet harvest 
seasons (Table 3.8.1) . 

Table 3.8. 1 The total area harvested under harvester hire scheme. 

Harvest Number of growers Number of Total area harvested 
season registered to hire the growers used the (hectare) 

harvester harvester Sultana Currant Sun muscat 
1998 11 9 10 6 2 
1999 20 19 23 2 2 
Total 31 28 33 8 4 

The harvester was used on wide tee, vee, Shaw Double cordon and Shaw swingarm trellises 
under widely varied management systems. Some trellises had extremely loose frui ting wires 
and some vineyards had uneven ground etc. These problems with vineyards, vines and 
trell ises Led DNRE, DFRDC and Drying for Profit to publish "Best practices to harvest dried 
grapes on Shaw Swingarm Trelli s" (See Appendix B). 

3.9 Rate of adoption of trellis drying: 

Key results o f 1997 survey 

A total of 68 growers were identified by the aerial survey as having trellis dried in 1997, with 
replies to survey questionnaires from 65. The growers who trellis dried represented onl y 
7.5% of total number of growers who produced dried grapes (Table 3.9. 1 ). This figure is low 
compared with previous survey results (Table 3.9.1). However, since the survey was done in 
1997, a significant area has been planted to Shaw swingarm trellis, all of which will be trellis 
dried. Consequently, the total area trellis dried (Table 3.9.2), and the percentage of growers 
trellis drying (Table 3.9.1) wi ll increase. The results of the survey currently being conducted 
by DNRE and Drying for Profit should reflect this. 

Table 3.9 .1 Compari son with previous survey results: 

Survey Conducted by: Year Percentage of Growers Trellis Dried (%) 
ADFA Grower Surveys 1984 12.2 

1988 10.7 
DNRE/ Drying for Profit 1997 7.5 
Survey 

Table 3.9.2 Total area trel lis dried in 1997. 

Grape Type Total Area Total Yield of Average Yield Trellis Dried 
Trellis Dried Trellis Dried of Trellis Dried Grape in the 

Grape Grape season 
(Hectare) (Tonne) (tlhectare) (%) 

Sultana 421 1,721 4.1 7.2 
Carina Currant 34 217 6.4 11.4 
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About 11 % (32.4%-21.5%) of growers intended to increase the area they were trell is drying 
in 1997 and the majority (58.7%) of trelli s driers intended to develop their vineyards to Shaw 
type tre llis (Table 3.9.3). This is a positi ve indication of the adoption of tre llis drying 
technology. 

It was unexpected to find that only just over half (53.6%) of the area trellis dried was planted 
to vines grafted to rootstock (Table 3.9.3). This could be a contributing factor to the average 
yield of tre lli s dried grapes being only 4 .1 tonne/hectare (Table 3.9.2). Own-rooted vines a re 
low yie lding and not as vigorous. 

Table 3.9.3 Response to some other questions in 1997 questionnaire: 

Question Answer 
Do you intend the area you tre llis dry to: 

Increase 32.4% 
Decrease 21.5% 
Remain same 44.6% 

Number of growers changing or intending to 37(58. 7% of all trellis driers) 
change to Shaw type trellis. 
How many acres of rootstock are trellis dried? 557 (53.6% of total area trellis 

dried) 

Key results of 1998 survey 

The twenty growers (first time trellis driers) who registered for the wetting machine loan 
scheme were surveyed. The important outcomes were: 

• About two-thirds of these growers tried tre llis drying because of past labour problems 
while the other one-third experimented as a cost saving exercise. 

• E ighty fi ve percent of growers intended to plant or redevelop to a trellis system which is 
more suited to mechani sation of dried grape production. 

• E ighty fi ve percent of growers employed a contractor to harvest their trellis dried grapes 
and 'fini sh dry' them on drying sheets. 

• About two-thirds of the growers said they would assist in a trellis drying promotion. 

3.10 Technology transfer: 

The combined efforts of Drying for Profit, Agriculture Victoria, Mildura, CSIRO Plant 
Industry, Horticulture Unit, Merbein and progressive growers resulted in a lot of interest in 
the mechanised production of tre llis dried grapes. 

Consequently, an accredited and well-structured Trellis Drying short course was developed 
and offe red to growers through the Sunraysia Institute of TAFE. A 5-day course is spread 
over a year and provided hands-on training. The course details are as fo llows: 
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Day 1 (July) 
• Advantages of trellis drying 
• Shaw Swingarm trellis system 
• Conversion of Tee trellis to Shaw Swingarm trellis 
• Vineyard establishment 
• Property planning 

Day 2 (September ) 
• Practical demonstration on necessary pruning in winter to suit summer pruning 
• Pest & disease monitoring 
• Rootstock's & varieties 
• Vineyard nutrition 
• Requirements of trellis drying equipment 
• Optimising performance of exiti ng trellises 
• Practical demonstration of cordon bunch removal in spring 

Day 3 (November) 
• Irrigation management 
• Quality assessment under adverse conditions 
• Quality assurance 
• Processors perspective 
• Tour of processing plant 

Day 4 (February) 
• Emulsion strength 
• Wetting machine set up 
• Summer pruning- practical demonstration 
• Finish drying 

Day 5 (March-April) 
• Harvesting operation 

Since 1996, about 200 growers participated in the trellis drying course. 

Field days 
The promotion of mechanised production of trellis dried grapes at the Mildura district, 
Robinvale and Riverland field days, and radial head harvester demonstrations in different 
areas of Sunraysia and Riverland generated remarkable grower interest. It is estimated that 
the area of vines already planted to Shaw Swingarm trelli ses and the area to be planted over 
next 2 to 3 years will be about 2,000 hectares. These plantings are spread across Sunraysia, 
Swan Hill, Robinvale and Wemen in Victoria, Waikerie in South Australia and Chittering 
Valley in Western Australia. These areas are being planted by a number of corporations as 
well as individual growers. 

Trip to Western Austral ia 
In December 1999 A team comprising Dale Little (Drying for Profit), Tony Martin (ADFA), 
Fred Hancock (Agriculture Victoria) and David Swain (Mildura Fruit Cooperative Limited) 
visited growers in the Swan Valley, Chittering Valley and Bindoon area in Western Australia. 
The information provided by the team boosted the confidence of growers in the dried grape 
industry. The growers in these areas realised the benefit of trellis drying and Shaw Swingarm 
trellis. 
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4.0 CONCLUSIONS 

Managing vigour of Sultana vines grafted to Ramsey rootstock: 
• The extent of vine spacing will depend on soil type, canopy architecture and overall 

vineyard management system. 
• With correct canopy management, Sultana vines grafted to Ramsey rootstock can still 

produce high yields after more than 30 years. 
• The limited study showed root pruning offers a technique to control vigour but results in 

yield loss. 

Fruitfulness of Sultana grafted to Ramsey rootstock: 
• In general, Sultana vines grafted to Ramsey rootstock produced higher yields than own

rooted vines on all type of trellises . 
• Sultana vines grafted to Ramsey rootstock and trained on Shaw swingarm trellis 

consistently produced a high number of shoots per vine, resulting in higher yield per vine. 

Mechanisation of cordon bunch removal : 
• The application of naked flame and steam caused excessive damage to vine shoots and 

fai led to remove cordon bunches to an acceptable level. 
• A prototype machine with a set of brushes had reasonable success in removing cordon 

bunches but caused excessive damage by removing most of the shoot tips and scaring the 
shoots. 

• Regardless of spray style, that is flooding or misting, high volume application of an 
emulsion of 2.4% caustic potash and 1.5% grape drying oil caused significant fruit loss of 
Sultana. 

• In general, the double appl ication caused fruit loss from both Sultana and Carina Currant 
vmes. 

• An emulsion of 2.4% caustic potash and 1.5% grape dryi ng o il was found to be promising 
in terms of cordon bunch removal, however the extent of shoot burning made it less 
appealing. 

• A solution of 2.5% ammonium nitrate and 0.01% wetting agent (Agral 600) at the stage 
of 9 leaves separation and a solution of 3.0% ammonium nitrate and 0.01 % Agral600 at 
the stage of 9 leaves separation were found to be effective in terms of cordon bunch 
removal. 

• A high percentage (0.12-0 .15%) of Agral 600 in the solution seems to be more effective 
than a low percentage (0.01 %) in terms of spray coverage and bunch killing. 

• Urea with 1.5% biuret at 3.5% and 4.5% concentrations did not remove cordon bunches 
from Carina Currant vines to an acceptable level. 

• Results limited to one year only, showed that if the correct rate of application and style of 
spraying are used with an emulsion of 2.4% caustic potash and 1.5% drying oil then 
cordon bunches can be removed from Sultana and Carina Currant vines without a 
reduction in yield . 

Development of appropriate tools for mechanisation: 
• The book titled " Shaw swingarm trelli s-Maximum mechanisation in 

trellis drie d grape production " will help growers who are contemplating 
reworking their existing trellises or planting new areas to Shaw swingarm trellis. 

• The distribution of copies of the plan of the wetting machine has resulted in the 
construction of a number of wetting machines by the growers and the contractors. 

• A number of growers who used the wetting machine loan scheme either now own a 
wetting machine or have access to one. 

• The commercial version of Shaw radial head harvester has performed very well on 
various trellis types harvesting Sultana, Carina Currant and Sunmuscat despite a wet 
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harvest season. In general growers were highly satisfied with the performance of the 
harvester. 

• "Best practices to harvest dried grapes on Shaw Swingarm Trellis" was published to assist 
growers preparing their properties for harvest. 

Technology transfer: 
• The introduction of Shaw swingarm trellis has significantly motivated growers to adopt 

trellis drying. Eighty five percent of the growers who trellis dried the first time intend to 
adopt a trelli s system which is more suited to mechanisation of dried grape production . 

• An accredited and structured Trellis Drying short course has been developed and is bei ng 
offered to growers through Drying for Profit and the Sunraysia Institute ofT AFE. Since 
1996 about 200 growers have attended the course. 

• The promotion of mechanised production of trellis dried grapes in different grape 
growing regions of Australia resulted in a significant increase in plantings to Shaw 
Swingarm trellises. It is estimated that the area of vines already planted to Shaw 
Swingarm trellises and the area to be planted over next 2 to 3 years is in the order of 
2,000 hectares . 

5.0 TANGIBLE OUTCOMES 

• Better understanding of cordon bunch removal techniques and fruitfulness of vines. 
• A book on Shaw Swingarm trellis to he lp growers with the installation and management of 

the Shaw swi ngarm trelli s system. 
• Updated plans of the wetting machine to enable growers to build their own machines . 
• A commercial Shaw radial head harvester for growers to hire, and plans of the machine for 

growers to build their own machine. 
• An accredited well structured trellis drying short course . 

6.0 RECOMMENDATIONS 

Research on chemical removal of cordon bunches has identified what could be the most 
efficient and effective system. It was demonstrated that ammonium nitrate cou ld be used 
cheaply and effectively to remove cordon bunches. However, there had been no scope in the 
project to investigate the long-term effect of cordon bunch removal by chemicals on vine 
health . 

It is recommended that further research should be carried out to investigate the long-term 
effect of cordon bunch removal by chemicals on vine health . 

7.0 INTELLECTUAL PROPERTY 

A commercial Shaw radial head harvester was constructed tested and developed . 

Plans for a wetting machine to wet fruit on a wide variety of trellises including Shaw 
swingarm trellis . 

A book titled" Shaw swingarm trellis- Maximum mechanisation of trelli s dried grape 
production" was published by DNRE. 

8.0 TECHNICAL SUMMARY 

This project brought together the resources of ADFA, DFRDC, Riverlink agencies as well as 
Drying for Profit and the Sunraysia Institute ofT AFE to provide the stimulus for a significant 
increase in the adoption of trellis drying. The DFRDC mechanisation committee comprising 
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grower members and members from DFRDC, Agriculture Victoria, Mildura and CSIRO Plant 
Industry, Horticulture Unit, Merbein provided direction and support for the project. 

The major areas identified by the mechanisation committee for research were optimisation of 
fruitfulness of Sultana vines grafted to Ramsey rootstock and mechanisation of cordon bunch 
removal. The committee al so identified the need for technology transfer to increase the 
adoption of trellis drying, hence the mechanised production of dried grapes. 

In order to conduct the research and technology transfer the following equipment was 
designed, developed and used in the field. 

EQUIPMENT USED 

Experimental spray applicator 

An enclosed hood spray applicator was designed, constructed and subsequently modified . 
The applicator comprised of two adjustable spray booms. The height and angle of the boom 
and distance between cordon bunches and the booms were adjustable. One boom was used to 
spray shoots from underneath and the other boom sprayed shoots from the top. The 
applicator also had an adjustable steel tray to protect non target fruiting bunches. 

Modified wetting machine (Mark II) 

Useful features from wetting machines owned by several growers and new ideas arising from 
working experience with an experimental wetting machine were incorporated into an 
improved wetting machine (Mark I) in the early 1990's. In 1996, the height and width (upper 
part) of Mark I machine was increased to enable the machine pass over Shaw swingarm 
trellis. 

Commercial version of Shaw radial head harvester 

The construction of the commercial version of the Shaw radial head harvester was 
commissioned with a local manufacturer in Mildura. The construction of the harvester was 
completed towards the end of 1999-harvest season. The harvester was tested on growers' 
properties and was developed further. 

OPTIMISATION OF VINE FRUITFULNESS 

Trials were established at research centres and on growers' properties. Data were collected 
from these sites on vine fruitfulness using the Merbein bunch counting method. Yield data 
were also collected. 

Findings: 

• The indication is that different vine spacing depending on soil type, canopy architecture 
and overall vineyard management system can be used to optimise fruitfulness of Sultana 
vines grafted to Ramsey rootstock. However, further investigation in detail is required 
involving a wide ranges of soil types and vine spacings. 

• The limited study showed that root pruning controlled vine vigour but caused yield loss. 
It takes more than a year for vines to recover and produce similar yields to control vines. 

• The uniform cane distribution (reducing shoot crowding) and better exposure of 
replacement canes to sunlight of Sultana vines grafted to Ramsey and tra ined on Shaw 
swingarm trellis consistently produced high yield per vine. 
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MECHANISATION OF CORDON BUNCH REMOVAL 

Since 1996, a number of mechanical and chemical methods were trialed during spring with 
the aim of removing cordon bunches effectively with little or no shoot damage. The removal 
of cordon bunches by mechanical means caused excessive damage to vine shoots and fai led to 
remove cordon bunches to an acceptable level. Consequently, removal of cordon bunches by 
chemical means was pursued . 

Findings: 
• Regardless of chemicals used, a single flooding style application at 0.43 Lim for Sultana 

vines and at 0.9 Lim for Carina Currant were found to be optimum for cordon bunch 
removal. 

• An emulsion of 2.4% caustic potash and 1.5% grape drying oil on Su ltana and Carina 
Currant at about 9 leaves separation was found to be promising in terms of cordon bunch 
removal and the extent of shoot damage . 

• A solution of 2.5% ammonium nitrate and 0.01% wetting agent at the stage of 9 leaves 
separation and a solution of 3.0% ammonium nitrate and 0.0 I% wetting agent at the stage 
of 13 leaves separation were found to be effective in terms of cordon bunch removal. 

• A high percentage (0.12-0.15%) of the wetting agent in the solution of ammonium nitrate 
seems to be more effective than a low percentage (0.0 I %) in terms of spray coverage and 
bunch ki lli ng potentia l. 

TECHNOLOGY TRANSFER 

T he resources of ADFA, DFRDC, Ri ver! ink agenc ies, Drying for Profit, a number of 
progressive growers, and Sunraysia Institute ofT AFE were combined to provide grower 
education and training through seminars, gadget days, farm walks and field days . 

Findings: 

• A 5-day Trellis Drying short course, spread over 12 months which includes hands-on 
training has been developed and is being offered to growers through Drying for Profit and 
the Sunraysia Institute ofT AFE. 

• The promotion of mechanised production of trellis dried grapes at the Mildura district, 
Robin vale and Riverland field days, and radial head harvester demonstrations in different 
areas of Sunraysia and Riverland generated remarkable grower interest. It is estimated 
that the area of vines already planted to Shaw Swingarm trell ises and the area to be 
planted over next 2 to 3 years in the order of 2,000 hectares . 

TANGffiLE OUTCOMES: 

The information generated by Ivan Shaw and other growers worki ng with Shaw swingarm 
trellis resulted in the publication of a book titled "Shaw Swingarm Trellis 
Maximum mechanisation in trellis dried grape production" . 

The publication of updated wetting machine plans incorporating the changes to allow 
operation on Shaw swingarm trellis resulted in the construction of a number of wetting 
machines by growers and contractors . 

Based on Ivan Shaw's design a commercial version of Shaw radial head harvester was 
constructed in 1999, and tested and modified over 1999 and 2000 harvest seasons. The 
harvester performed very well. 
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Appendix A 

PO Box 905 Mildura Victoria 3502 
Telephone 050 514500 Mobile: 019 380036 Facsimile: 050 514523 
Email: Kellys@orac.agvic.gov.au 

Grower Survey 

Natne ........................... ................................................................ ....... .. .... . 

Address .................................... ......... .................. .. ................... .... ..... ........ . 

Phone 50 ................. . 

Date .............. .. ........ ... . 

1. What was the main reason for adopting trellis drying? 

D-cost saving 

D-lack of rack space 

D- past labour problems 

D- salvage operation 

2. How many years have you trellis dried? .. ... ........ years 

3. Do you intend for the area that you trellis dry to : 

D -Increase 

D- Decrease 

D -Remain the same 

4. How many acres of rootstock vines do you trellis dry? .. .. .......... acres . 

5. Are you going to or are you redeveloping to a trellis system more suited 
to dried vine fruit mechanisation? 

yes/no 



·, 

6 In 1996/7, what was your: 
Variety . Sultana Zante Carina 

Total Area (acres) 
Total (tonnes dried) 
Area Trellis Dried (acres) 
Trellis Dried (tonnes) 
Trellis dried grades( estimate) Sultana Zante Carina 
6 crown (tonnes) 
5 crown (t01mes) 
4 crown (tonnes) 
3 crown (t01mes) 
2 crown (tonnes) 

7. What trellis system or systems do you use for trellis drying? 

a. Single wire trellis ........................ ...... ... ..... ... ...... ....... . acres 

b. T -trellis height ..... .. .... .ins. width ............. ins .. ... ........ acres. 

Foliage wire yes I no 

c. Shaw mkl /2 ............ acres.Swingann ..... ... .... ... ... ... .... acres. 

d. Other. ... .. .... ........ ..... ...... ... ... ..... .... ..... .... .. ..... ..... .. ...... acres. 

8. Were your summer pruners experienced? 

9. What type of spray equipment was used? 

D a. Mister 

D b. W etti.ng machine 

D c. Contractor 

D d. Other .... ...... ..... ........... ..... .... ... ..... . 

1 0. \Vhat strength spray did you apply? 
Potash ... ................. Kg I per 1 OOlts 
Oil .. ................... Lts I per 1 OOlts 

yes/no 



• 1 1. How much mixture was applied and used? 
a. Lts/per acre applied .... ...... .... ....... . 
b.· Lts/per acre used .................. ...... . 

12. How many sprays did you apply this season ....... ..... ...... ... . 
If extra sprays were applied method used ............ ............... ........... . 

13. Were crown bunches removed in: Spring ...... % Smruner. ..... % 

14. Surruner picked crown bunches ·were dried? 

D a. Rack 

D b. Trellis 

De. Other. .... ............. ... ..................... . 

15. How did you harvest your trellis dried fmit?: 

D a. Own harvester. 

D b. Share in a syndicate 

D c. Employ a Contractor 

16 .How did you finish dry? 

D a. Bin dehydrator (own) 

D b. Bin dehydrator (contractor) 

D c. Drying sheets 



• • • • 
• • 
~ 

• 

Natural Resources 
and Environment 

AGRICULTURE 

RESOURCES 

CONSERVATION 

LANO MANAGEMENT 

A business of the 

Department of 

Natural Resources 

and Environment 

Appendix B 

I• Best practices to harvest dried grapes 
•:•• on Shaw Swingann Trellis •• Mahabubur Mollah', Fred Hancock' and Dale Little2 

Sunraysia Horriculrural Cemre, Agriculture Victoria, Mildura1
, Drying for Profit>, 

Serious fruit losses at harvest reduce profitability of crops. The poor management of 
vineyards, vines and trellises can make a major contribution to these losses. Often a good 
harvester performs badly if attention is not given to several unseen factors. The 
following tips may assist growers to minimise fruit loss and maximise harvester 
efficiency. 

DO 

Shaw radial head 
harvester in action 

1. Ensure fruit remains sound for improved trellis drying and harvesting. Monitor fruit 
regularly during the growing season to control pest and diseases. 

2. Help fruit dry faster by keeping the vineyard floor clean and firm (uncultivated), 
preferably by using knockdown chemicals. This will maximise absorption and 
retention of heat by the soil, and minimise reabsorption of moisture by the fruit from 
weeds/vegetation, thus creating better drying conditions. 

3. Assist speed and ease of vineyard machinery operations including the harvester by 
keeping headland and vineyard floor level (avoid deep furrows and high under vine 
banks) . 

4. Maximise the efficiency of fruit harvesting by ensuring that fruiting wires are taut 
(one should not be able to deflect them excessively by hand) . 

5. Top replacement canes and skirt fruiting canes by 2"d week of February to facilitate 
fruit drying and harvesting . 

6. If possible mechanically pluck leaves from fruiting canes prior to summer pruning to 
assist better wetting and even drying. This may improve harvesting efficiency and 
cause less adhesion of leaves to dried grapes . 

7. Ensure no replacement canes remain hanging over fruit drying zone because it 
hampers the wetting, drying and harvesting operations. Preferably use a mechanical 
cutter bar through the cutting zone. Cut or reposition drooping replacement canes to 
keep fruit drying zone free if summer pruning is done by hand . 

8. Ensure there are no uncut fruiting canes. This will reduce the quality of dried fruit 
during harvest by contaminating it with fresh berries. 

9. If spraying drying emulsion, make sure bunches are thoroughly covered by the 
emulsion. This will assist to dry fruit evenly, thus improving the harvesting 
efficiency. If after 10 days the middle of the bunches are not drying consider 
reapplication of emulsion at a minimum rate. 

10.Avoid poor drying and difficult harvesting conditions by cutting before 8'h March. 

1l.Avoid harvesting fruit at or above 16% moisture content because it is prone to 
damage during harvest. After mid April, fruit is usually more than 16% and in this 
case some damage and subsequent penalties may have to be tolerated. 

12.After harvesting, collect the remaining bunches on the trellis depending on economic 
viability. 



Mechanical cane cutting 

DON'T 
1. Do not cultivate vineyard floor (particularly on fruiting side) after Christmas until harvest is 

completed. Loose soils become impassable after rains and restricts access of vineyard machinery. 

2. Do not delay cutting when rain damages fruit. If fruit is at or above 17° Brix and significant numbers 
of cracked berries can be seen, cut as soon as possible to minimise mould development. 

3. Do not exceed manufacturer's recommendations regarding strength of drying emulsion (read labels on 
the drum). If the solution is stronger than necessary, the quality of fruit will deteriorate hence the risk 
of fruit damage during harvest and subsequent processing operations will increase. 

FURTHER INFORMATION 

Drying for Profit: Tele: 03 5023 5174 Fax: 03 5023 3321 

•Shaw swingarm trellis leaflet. 

•Shaw swingarm trellis video. 

•Trellis drying sultana booklet 

ADFA: Tele: 03 5023 5174 Fax: 03 5023 3321 

• Dried vine fruit manual 

CONTACT PERSONS 
Dale Little 
Program Manager, Drying for Profit 
Tel : 03 5023 5174 Fax: 03 5023 3321 

or 

Fred Hancock I Mahabubur Mollah 
Sunraysia Horticultural Centre 
Tel: 03 5051 4500 Fax: 03 5051 4523 
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