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1. MEDIA SUMMARY

The future success of the dried grape industry is dependent on the adoption of
production techniques which can improve productivity (ie yield/ha) and reduce the
costs of production.  The Shaw swingarm trellis has assisted the dried grape industry
in Australia improve its productivity and reduce the costs of production.  Even though
such production techniques exist, there are still major problems with the seasonal
fruitfulness and yield of dried grape cultivars such as Sultana.  The fruitfulness of
these varieties is dependant on developing buds receiving adequate levels of light and
temperature during the critical stages of bud initiation (November-December) 15-17
months prior to actual harvest.

One potential method of controlling vine vigour is to vary the in-row vine spacing.
This method has been used successfully in other grape cultivars to manage the vigour
and  to improve the productivity and quality of the grapes.  The aim of this
experiment was to examine the influence of varying the in-row vine spacing on the
productivity, water use and quality of Sultana and Sunmuscat dried grape cultivars.
Soil depth was also included as a covariate in the experimental design, as soil depth is
known to influence the vigour response of vines to in-row spacing.

An experiment was designed to examine four different vine spacings (2.4, 3.6 and two
4.8m spacings) across three different soil types for both Sultana grafted to Ramsey
rootstock and Sunmuscat grafted to 1103 Paulsen rootstock.  The experiments
involved the conversion of an existing vineyard to various vines spacings.  This phase
of the experiment required considerable re-trellising and re-training to complete.

Results to date indicate that vines planted to 3.6m (12ft) in-row vine spacing tended to
produce higher average dried grape yields in comparison to both 2.4m (8ft) and 4.8m
(16ft) spacings across most soil types in Sunraysia.  Varying the in-row vine spacing
did not appear to influence the water use efficiency of those vines.

These results indicate the potential production and economic benefits of optimising
the vine spacing for improving the fruitfulness and productivity of dried grape
cultivars trellised to Shaw swingarm in Sunraysia.
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2 INDUSTRY SUMMARY

Complete mechanisation of the dried vine fruit industry has been possible through
developments in the Shaw Swingarm trellis, trellis drying, spray removal of unwanted
cordon bunches and the development of the radial head mechanical harvester.  The
combination of improved irrigation techniques and the use of grafted vines in the
more fertile soils has seen increased reporting of excessive vigour of grafted vine on
Shaw trellis.  Over-vigorous vines have the tendency to be less productive due to
fewer buds per cane combined with greater shading of buds and reduced fruitfulness
of buds.  This lead to fewer bunches per vine which will also lead to an increase in the
vigour of the vine.  The over-vigorous vine is also prone to be less water-use efficient,
as well as being harder to control the endemic diseases such as powdery mildew.  This
ultimately results in reduced production per unit length of cordon and therefore per
unit area.
One method of controlling vine vigour may be to plant vines at wider spacings (within
the row) to optimise dried vine fruit production per unit cordon.  The current industry
standard vine spacing is 2.4m with industry reluctance to risk wider spacing due to
lack of information on the effect of vine spacing on vine vigour.
This project had three distinct aims

(1) Establish trials to investigate the influence of vine spacing on dried vine fruit
production on soils with deep, medium and shallow effective rooting depths.

(2) Investigate how vine spacing influences the interaction between soil type,
irrigation, vine nutrition, root volume and vine vigour of dried fruit vines.

(3) Establish long-term trials to assess vine spacing on different soil types.

Locating and establishment of suitable trial sites proved to be harder than originally
proposed.  The final trial sites selected were two Vitis vinifera L. var. Sultana (grafted
to Ramsey – Vitis champini) on soils with 900 and 400 mm of effective soil depth and
three Vitis vinifera L. var. Sunmuscat (grafted to 1103 Paulsen rootstock – Vitis
berlandieri x Vitis rupestris) on soils with 900, 600 and 500mm effective soil depth.
Four vine spacing widths evaluated were 2.4m (current practice), 3.6m and two
versions of 4.8m spacing. The initial establishment of the trial site involved removal
of vines in the wider vine spacings and re-training of cordons.  Data collection
commenced in the second year of the project.  Generally the 3.6m vine spacing was
the highest or equal highest yielding of dried vine fruit in both Sultana and
Sunmuscat.  The 4.8m vine spacings were lower yielding in the 900 and 600mm
Sunmuscat sites and the 400mm Sultana site.  At all these sites nitrogen levels were
found to be low enough to be limiting vine yield potential.  Reduction in bunches per
metre of cordon was the major cause of yield reduction in the wide vine spacing
treatments.  The 2.4m treatment generally had the greatest leaf area index and shoot
length of all vine spacing treatments and was starting to indicate excessive vigour
with longer internode spaces and greater number of cane per metre of cordon.  Vine
spacing had no measured effect on vine water-use or on fruit quality in this trial.
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2.1 Key Recommendations

• Increasing vine spacing to 3.6m was found to be the highest yielding and this was
due mainly to more bunches per metre of cordon.

• The traditional 2.4m vine spacing was found to be over vigorous compared to
wider spacings on the deeper soils and when water and nitrogen was non limiting.

• Wider vine spaces had no effect on dried vine fruit yield when water and nitrogen
was non limiting.

• The measuring of cane per metre along a cordon is showing potential as tool for
yield forecasting and a vine health indicator for Shaw trellis vines.

• The high cost of set up of these trial sites and the long lag phase from initial trial
establishment to data collection means the trial sites are just beginning to prove
their usefulness.  The continuation of these trial sites will provide valuable
information on vine spacing and long-term sustainable high yield with the Shaw
trellis.
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3. INTRODUCTION

Complete mechanisation of the dried vine fruit industry has been possible
through developments in Shaw Swingarm trellis, trellis drying, spray removal of
unwanted cordon bunches and the development of the radial head mechanical
harvester.  This move from traditional hand labour to complete mechanisation,
together with the high demand of quality dried vine fruit, has resulted in
increased confidence that the dried vine fruit industry will remain
internationally competitive in the future.

However, an emerging problem is the growth and development of Sultana
grafted to Ramsey on both standard tee trellis and Shaw swingarm trellis.  Some
vines may develop excessive shoot growth or vigour. Where excessive shoot
growth is a problem, vines are said to be “unbalanced”.  This can result in
extended internode spacings and fewer buds per cane, excessive shading of fruit
can lead to disease control problems and reduced bud fruitfulness for the
following season.  On the other hand, some vines may not have enough vigour
to fill the cordon adequately.  This ultimately results in reduced production per
unit length of cordon and therefore per unit area.  Therefore, an optimal level of
vigour is essential to maximise fruitfulness and production per unit length of
cordon.  To achieve this, it is important to understand the potential vigour of a
vine on a particular soil type and under a particular system of vineyard
management.

One method of controlling vine vigour may be to plant vines at different
spacings (within the row) to optimise these vigour characteristics and therefore
maximise dried vine fruit production per unit cordon.  The other way to improve
production per unit area is to reduce the width of the row.  By reducing row
width there is potential to manage vine vigour, improve production per unit area
and greatly improve the water use efficiency.  However, reducing row width is
limited by current machinery and the capacity to trellis dry fruit effectively.

The issue of relating vine spacing to particular soil types was raised at the
Riverlink Dried Grape Industry Research and Development Planning Day (5th

August, 1999) by Mr Ivan Shaw.  Industry members ranked this in the top three
issues which require further R&D.   In realistic terms, this type of research may
result in a 5% improvement in productivity per unit area and encourage new and
existing dried vine fruit growers to use the Shaw Swingarm trellis and
mechanised methods of producing dried vine fruit with more confidence.
Furthermore, there would be environmental benefits through more efficient use
of water and a reduced level of drainage loss.

1. Research strategies and methodology;

This project aims to investigate the relationship between plant and soil related
factors which influence vine vigour.  The project has 2 major components:

(a) Long-term approach
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There is a need to establish long-term trials to assess the effect of within-row vine
spacing, in different soil types, on vine vigour and fruitfulness.  The project would
aim to work with industry collaborators in establishing statistically sound trials to
assess within-row vine spacing on a range of different soil types in Sunraysia.  These
trials would not be assessed for at least 5-6 years, once they are in full production.
Although this current project would be involved in the establishment of these trials,
the current project would not be involved in the evaluation of these long-term trial
sites.  This is seen as a long-term industry necessity.

(b) Short-term approach
The project has established small areas of varying vine spacings within current Shaw
Swingarm based systems.  The number of sites we would aim to establish are:

Variety Sultana Sunmuscat

Rootstock Ramsey 1103 Paulsen

Trellis Shaw-Swingarm Shaw-Swingarm

Number of Sites 3 3

Within each variety, the sites have been limited to represent the extremes in soil types
(sandy loam, loam, clay).  We have introduced 4 different vine spacings at each site,
eg. 2.4m, 3.6m and 4.8m (2 methods of spacing at 4.8m).  The first year of the project
involved extensive vine training to replace missing cordons.  Soil moisture will be
monitored at a number of sites within each site.  The Deviner 2000TM, portable soil
moisture monitoring system is currently being used to monitor soil moisture.

The project aims to collaborate with growers who currently have Sultana grafted to
Ramsey and Sunmuscat grafted to 1103 Paulsen and trained on cordon based (Shaw
Swingarm trellis) management systems.
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4. EXPERIMENTAL DESIGN

4.1 Experimental Design:

In discussion with members of the ADFA mechanisation committee (especially Mr
Ivan Shaw) about the HAL vine spacing project, it was decided that we needed to
establish some sites on existing vineyards and also consult with larger developers
about having long-term experimental sites established on their properties.

In examining the current dried grape plantings trellised to Shaw Swingarm it appeared
that the standard industry vine spacing was 11ft rows (3.3m) and 8ft (2.4m) vine
spacings within the row.  In examining the row spacing it appeared that approximately
85% of the industry had adopted the 11ft (3.3m) spacing based on previous
recommendations and the practicalities of moving vineyard machinery through the
rows.  Therefore we accepted in our trial design that the row spacing needed to remain
constant at 11ft (3.3m) across our different trial sites.  In examining the vine spacings
within a row on Shaw Swingarm trellised vines, the spacings appeared to vary
between 8 to 16ft (2.4–4.8m) within the Sunraysia district.  Therefore we aimed to
examine the differences in yield and fruit quality associated with different vine
spacings.

The project was to be limited to two varieties of dried grapes, Vitis vinifera L. var.
Sultana (grafted to Ramsey – Vitis champini) and Vitis vinifera L. var. Sunmuscat
(grafted to 1103 Paulsen rootstock – Vitis berlandieri x Vitis rupestris).  The
reasoning behind this decision is that given the historical bud fruitfulness problems
associated with Sultana grafted to Ramsey, this variety definitely required research
into ways of promoting bud fruitfulness to deliver more consistently high yielding
vines.  Also, Sunmuscat grafted to 1103 Paulsen was included in the trial because it is
thought that this variety will be very important to the dried grape industry in the
future.

Therefore in existing vineyards with 11ft (3.3m) rows and 8ft (2.4m) in-row vine
spacings we developed an experimental design in consultation with Dr John Reynolds
(then Chief Biometrician for the Department of Primary Industries), which aimed to
examine 4 different spacings (8ft [2.4m], 12ft [3.6m], 16ft-a [4.8m-a], and 16ft b
[4.8m-b]). Each treatment was replicated across each site 8 times (4 treatments x 8
replicates = 32 plots).  The basic experimental design was a randomised complete
block design, which, where possible incorporated some latin square configuration to
account for any variation (East-West and North-South) across the sites.  To achieve
the various spacings, vines were removed using a chainsaw.  The following diagram
explains how each spacing was achieved by removing vines from an existing
vineyard:
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8ft (2.4m)   12ft (3.6m)   16ft-a (4.8m)   16ft-b (4.8m)

Figure 4.1. Schematic diagram illustrating how vines were removed to achieve the
desired 8ft (2.4m), 12ft (3.6m) and 16ft (4.8m) spacings in existing vineyards which
had been established on 11ft (3.3m) rows and 8ft (2.4m) in-row vine spacings.  Gaps
represent where vines have been removed to achieve desired spacing.  Red dots
represent the two measurement vines, where yield, canopy growth and fruit quality
data will be collected.

The original aim was to establish 3 sites for each variety/rootstock combination (3
sites of Sultana grafted to Ramsey and 3 sites of Sunmuscat grafted to 1103 Paulsen).
This was to ensure we could cover the range of soil types and rooting depths for each
variety/rootstock combination within the Sunraysia region.  The original aim was to
identify soil types classified as shallow, medium and deep top soil, with maximum
rooting depths of 200-300mm, 400-500mm and 700-900mm respectively.

Although our theoretical experimental design was fine, we found that each site
required some slight modification to fit in with the size limits of the vineyard or the
vineyard managers requirements.  This is discussed in greater detail in the site
selection section of this final report (Section 4.2).

The design of the long-term trial sites involved planning for 9 replicate blocks, which
were latinised across the site in both a North-South and East-West orientation (see
Appendix 1.1 for further details).  These designs were given to the vineyard managers
of Advinco (David Leng) and Thurla vineyards (Mr Col Beasley) and we had many
verbal commitments to plant these trial sites in amongst their normal plantings.
However, nothing ever materialised.  The project team did consult others in the
industry, but were unable to secure any plantings for these proposed long-term sites.
A decision was made to dismiss the concept of these long-term sites after year 2 of the
project, because it was thought that they would be no longer of any interest to the
HAL funded vine spacing project, given the long establishment phase (4-5 years).



10

4.2 Site Selection and Site Experimental Designs:

Once an experimental design was selected, the next task was to find six suitable dried
grape sites (three Sultana/Ramsey and three Sunmuscat/Paulsen) in which to impose
the experimental treatments.  As previously mentioned, all potential experimental
sites need to be planted to a 11ft (3.3m) row spacing and have a 8ft (2.4m) in-row
vine spacing on Shaw Swingarm trellis.  In addition, sites that had low level sprinklers
with full coverage irrigation were selected, because this was viewed as the best
industry irrigation management practice at this point in time. The trial design also
required that the topsoil depth (maximum rooting depth) needs to vary from a shallow
(200-300mm) to a medium (400-500mm) to a deep soil (>600mm) across each of the
three sites within each variety / rootstock combination.

Given all these selection parameters, the task of finding all these combinations of
varieties/rootstock, vine spacing, irrigation system, soil type and Shaw Swingarm
trellis proved to be very difficult.  To aid in trial site selection potential sites had soil
pits dug to determine effective rooting depth and soil depth variability (Figure 4.1)
Two suitable sites were located within Sunraysia for the Sultana/Ramsey
combination, one on a shallow soil (400mm topsoil) at Red Cliffs, and one on a deep
soil (900mm topsoil) at Merbein South (Table 4.1).  A third Sultana/Ramsey site
located at CSIRO Merbein was selected on medium soil (400-500mm topsoil) to carry
out the light and bud fruitfulness assessments at the different spacings.  However, this
site did have only multiples of 7ft (2.1m) spacings, ie 7ft (2.1m), 14ft (4.2m) and 21ft
(6.3m), which did not align well with the other experimental sites.

Figure 4.1  Soil pit for root depth observation at Gardner trial site (Nichols point).

We did manage to find three Sunmuscat/Paulsen sites, the shallow soil (500mm
topsoil) located in Irymple, the medium depth soil (600mm topsoil) located at
Merbein, and the deep soil (900mm topsoil) located at Nichols Point.  The Merbein
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and Irymple sites each had low level sprinklers, but the Nichols Point site was
irrigated with overhead sprinklers.

Each of the experimental designs included the four treatments (8ft [2.4m], 12ft
[3.6m], 16ft-a [4.8m-a], and 16ft b [4.8m-b]) replicated 8 times across each site.  The
experimental plans for each of these 5 sites (Ivan Shaw, Lex French, Tony Martin,
Peter Gardner and ADFA - excluding the CSIRO Plant Industry site) can be seen in
Appendices 1-5.

Table 4.1  Depth of observed roots at the six trial sites

Sunmuscat Sultana
Grower Depth of

95% of
roots

Maximum
root depth
observed

Grower Depth of
95% of
roots

Maximum
root depth
observed

Gardner 700 mm 1100 mm Shaw 700 mm 1000 mm
Martin 600 mm 900 mm CSIRO 500mm 900mm
ADFA 500 mm 1000 mm French 400 mm 900 mm

4.3 Site Establishment and Vine Training:

The trial site set up varied a great deal across the different sites. The Sunmuscat/1103
Paulsen sites were young vine plantings and the cordon could simply be extended by
careful training of canes. After the appropriate vines were removed using a chainsaw,
straight RoundupTM (360 g l-1 glyphosate) was applied to the base of the cut to ensure
that the roots of that particular vine would be killed.  The cordons on the neighbouring
vines were then extended to fill the gaps created through the removal of the other
vines (Figure 4.2).

Figure 4.2  Re-training of vine cordon for wider vine spacing 2000/2001 on Shaw
property in Merbein South.
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On the other hand the Sultana plantings were on much older vines and required the
removal of all the old cordon system to enable a new single cordon to be established
on each of the Sultana sites (Ivan Shaw and Lex French sites) (Figure 4.3).  This
involved the careful removal of the cordon using a chainsaw (see Figure 4.4).  A new
trellis wire was then installed and the new shoot growth trained along this trellis wire.

Figure 4.3  The Shaw trial site in 2000/2001 season during cordon re-training.

Figure 4.4  Removal of existing cordon by chainsaw winter 2000 by Mr Fred
Hancock, Project Technical Officer, Department of Primary Industries, Mildura.

Eighty DivinerTM 2000 soil moisture monitoring tubes were installed manually across
the 5 experimental sites to enable accurate measurement of vine water use across each
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of the vine spacings and at key stages of crop development (flowering and berry
ripening).  The tubes were installed to a depth of 1.4 metres using a tripod to ensure
the tube remained straight and at the desired angle.

The vine training method adopted was to train all vines on each site with a single
cordon grown in each direction from the vine trunk. Because most of the existing
Sunmuscat cordons could be extended and only a small number required replacement
all the Sunmuscat vine training was completed by the end of the 2000/2001 growing
season. However the Sultana vines were much older and had to be pruned harder on
both of the sites. This harder pruning on the Sultana/Ramsey sites caused the vines to
delay the shooting of new canes and this meant the establishment of the new cordons
could not be achieved on all the vines in the 2000/2001 growing season. However
with the exception of three replacement vines the vine training on the Sultana/Ramsey
sites was completed by January 2002.
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5 EVALUATION

5.1 Shoot Length

Some vines may develop excessive shoot growth or vigour. Where excessive shoot
growth is a problem, vines are said to be “unbalanced”.  Extended shoot length is an
indicator of excessive shoot growth, this can result in extended internode spacings and
fewer buds per cane.  High vigour vines are also prone to excessive shading of fruit
and buds, which can lead to disease control problems and reduced bud fruitfulness for
the following season.  Vine shoot length is also an indicator of poor vine vigour with
short cane length reducing the vine yield potential by reducing cane and bud number
for the following season.  This ultimately results in reduced production per unit length
of cordon and therefore per unit area.  Therefore, an optimal level of vigour is
essential to maximise fruitfulness and production per unit length of cordon.  The
repeated measurement of shoot length during a growing season may also allow us to
determine how the different vine spacing treatment differ in vine vigour during the
growing season on the three different soil depths
The evaluation phase of the experiment did not commence in the 2000/2001 season,
as this was the first season of the trial and vine growth was being directed at re-
establishing and extending the new cordons, and generating meaningful production
data.

In both growing season 2001/2002 and 2002/2003 vines were randomly selected
across the site and shoots were randomly selected along the cordon. The cordon was
divided into three zones: zone B (close to trunk) zone M ( mid zone of cordon) zone E
(zone at cordons end). Shoot measurements were recorded at six intervals over the
growing season.   In January internode spacing were also measured from nodes 2-3, 3-
4, 4-5, 5-6,6-7, 7-8 on the same shoots.  All data was analysed using Genstat 6 release
1 for Windows (Payne et al.1993).  All difference are at P=0.05 unless otherwise
stated.

In both years rapid shoot growth had ceased by late December for all vine spacings
and with all grower sites regardless of soil depth (Figure 5.1& 5.2).  There was no
difference in this trend between Sultana and Sunmuscat.  When comparing shoot
lengths between the 2001/2002 season and the 2002/02003 season at all grower sites,
shoot lengths reach a higher maximum in 2002/2003.  The reduced crop yield in
2002/2003 compared to 2001/2002 would be the major cause of the increased vine
vigour in 2002/2003.
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Figure 5.1  Effect of vine spacing on the average shoot length of Sultana and
Sunmuscat at five trial sites of different soil depths in 2001/2002.

Over the two growing seasons, no consistent effect of vine spacing on shoot length
was measured over the five grower sites.  In the 2001/2002 season there was greater
shoot growth at the 3.6m vine spacing in the two shallowest soils (ADFA and French)
in both Sunmuscat and Sultana.  In 2002/2003 season average shoot length of
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Sunmuscat at the medium soil depth site (Martin) and Sultana at the shallowest soil
depth (French) were elevated in the 2.4m vine spacing.  At the other grower sites
there was no significant variation in shoot length observed between vine row
spacings.  The two grower sites with the greatest soil depth (>900mm) also had the
greatest average shoot length in both Sunmuscat and Sultana.

Figure 5.2  Effect of vine spacing on the average shoot length of Sultana and
Sunmuscat at five trial sites of different soil depths in 2002/2003
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In this early stage of the vine spacing experiment the effect of wider vine spacing on
average shoot length would appear to be a reduced average shoot length.  This
reduction in shoot length was greater in the shallower soils (Martin and French) than
the deeper soils (Gardner and Shaw).  A possible reason for the response to row
spacing in the second year was the reduced crop load allowing for greater vine vigour
especially in the narrower vine spacings with the reduced length of cordon and
reduced number of shoots per vine.

5.2 Leaf Area Index

The measurement of leaf area index (LAI) by an indirect optical method (Sommer and
Lang, 1994) allows for multiple measurement of the same vine throughout the season
compared to the time consuming destructive alternatives of leaf removal and then leaf
area measurement.  The ability to make repeated measurement of LAI during a season
enables the extent of canopy development of each vine spacing to be plotted against
time.  The combination of LAI and shoot length measurements enhance the
measurement of vine vigour by combining the total leaf area with individual shoot
lengths.
Leaf area development was estimated using an indirect optical method.  Four vines of
each spacing treatment at each site were measured with the LAI-2000 canopy analyser
(LI-COR Inc., Lincoln, Nebraska, USA) which calculates the leaf area index
according to gap-fraction theory.  A measurement per vine consisted of one reading
above the vine canopy, and three readings below the canopy.  Below canopy readings
were taken close to the ground, along the centre of the row, directly under the vine.  A
view restrictor covering 315º of the LAI-2000 sensor’s fisheye lens was used, with the
opening pointing towards the vine being measured, but away from the sun.  Readings
were collected early morning or early evening to minimise the effect of scattered
sunlight from the foliage. The leaf area per vine was calculated using a relationship
between direct and indirect measurements of leaf area index obtained from a
validation study using the LAI-2000 instrument (Sommer and Lang, 1994).  LAI was
measured on four occasions in the 2001/2002 season and five occasions in the
2002/2003 season.  All data was analysed using Genstat 6 release 1 for Windows
(Payne et al.1993).  All differences are at P=0.05 unless otherwise stated.

In the 2001/2002 season at all grower sites there was no difference measured between
leaf area index of the four vine spacing treatments (Data not shown).  In the 2002/03
season, LAI of Sunmuscat was increased in the 2.4 and 3.6m vine spacings compared
to the two 4.8m spacings at all three grower sites (Figure 5.3).  The increase in LAI in
the 2.4m and 3.6m vine spacing was apparent by mid December.  Vine spacing had no
effect on LAI with Sultana at the deeper soil site (Shaw).  Narrow vine spacings was
found to increase LAI in Sultana at the shallower soil (French) from mid January.
The peak LAI at all grower sites and vine spacing was found to be by late January.
The peak LAI was on average one month latter than the peak in shoot length.  The
indirect optical method of determining LAI in effect measures multiple shoots at one
time and also measures the effect of lateral shoot growth.  This would suggest that
LAI provides an improved measurement of vine vigour than the individual
measurement of a few selected shoots for total length.  The measurement of shoot
length enhances the measurement of vine vigour by determining the length of shoots
along a cordon.  This is important to determine if the wider vine spacings produce
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shoot growth along the entire length of cordon.  The combination of measurement of
LAI and shoot length appear to provide the most reliable measurement of vine vigour.
In 2002/2003 season the shallower soil types (French, Martin and ADFA) in both
Sunmuscat and Sultana had an increased recorded LAI and shoot length.  This would
suggest that the 2.4m vine spacing was more vigorous in this season compared to the
4.8m spacings.  The reduced vigour of the wider spacing could be in response to the
high fruit yields in the previous season reducing the number and length of canes
(Figure 5.4).
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Figure 5.3  Effect of vine spacing on the leaf area index (LAI) of Sunmuscat and
Sultana at five trial sites in 2002/2003.
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5.3  Cane Number and Length

The potential yield of a grapevine is determined by the number of buds and the
proportion of these buds that are fruitful.  With the vines trained onto a Shaw trellis
the number of buds is determined by the number of canes and the length of these
canes.  The measurement of these two yield determinates at pruning will potentially
provide information on how vine spacing alters this yield determinate over a number
of years. This measurement could also be a potential tool for growers to determine
trends in vine vigour between seasons.

Figure 5.4  Effect of vine spacing on cane per metre after pruning 2002 at two
Sultana and the Sunmuscat sites.

Potentially an optimum cane number per metre and cane length per metre may be
determined for both Sultana and Sunmuscat to enable a high fruit yield every year.  A
measured decline in cane number or length would suggest to a grower that an increase
in irrigation or fertiliser (especially N) might be needed.
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variations in the establishment of cordons between vine spacing treatments.  In the
following two winters after pruning was completed four randomly selected vines from
each of the treatments per site were selected. Cane numbers and cane length
measurements were recorded on a randomly selected half of the vine.  Cane length
was measured from the base bud at the cordon to the last bud on the cane end. Cane
length measurements include the lateral shoots and the length of main cane remaining
after pruning. All data was analysed using Genstat 6 release 1 for Windows (Payne et
al.1993) and all differences are at P=0.05 unless stated.
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higher cane number in the 2.4m spacing at both the 600 and 400 mm sites but not in
the 900mm site (Figure 5.6).  There was no difference in the cane number at the two
Sultana sites with all vine spacings with approximately 4 cane per metre after pruning
2003.

Figure 5.5  Effect of vine spacing on total length of cane (mm) per metre after
pruning 2002 at two Sultana and the Sunmuscat sites.

In both years at all three Sunmuscat sites the 4.8m vine spacings had the smallest cane
length (Figure 5.5 and 5.7).  The 2.4m vine spacing had a greater length of cane than
all other spacing in 2003 but was only greater than the 3.6m spacing at the 600mm
soil depth (Martin). There was no consistent trend in the cane lengths of Sultana
between sites or vine spacings.  At the 900mm soil depth in 2002 there was an
increased cane length in the 2.4 and 3.6m spacings but in the following year there was
no difference between all spacings.  Cane length was greater in the 2.4m vine spacing
in both years at the 400mm soil depth Sultana site but the 3.6 m spacing had the least
cane length in 2003.

Figure 5.6  Effect of vine spacing on the number of canes per metre after pruning
2002 at two Sultana and the Sunmuscat sites.
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Figure 5.7  Effect of vine spacing on total length of cane (mm) per metre after
pruning 2003 at two Sultana and the Sunmuscat sites.
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metre and dried fruit yield (Figure 5.8).  This relationship found that fruit yield peaks
at 4 canes metre with both Sultana and Sunmuscat and was similar across all soil
types.  This relationship needs more years of data collection to have any certainty.
The continuation of this experimental program in the new project will greatly enhance
the validity of the relationship especially when compared between high and low
fruitful years.

Figure 5.8  Relationship between dried fruit yield (2003) to the cane number per
metre cordon (Pruning 2002) of Sunmuscat and Sultana at five sites.
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5.4 Yield and Fruit Quality Assessment.

The measurement of any response in fruit yield and fruit quality to wider vine
spacings is the most important component of this project.  This yield assessment has
to be as close to industry practice so as not to bias the experiment.  To meet this
criteria the fruit had to be trellis dried in the field and the yield determined by hand
harvesting at the desirable moisture content (<15%).  Measuring the yield components
of bunch number and average bunch weight will provide information on whether yield
varies between vine spacings, grower site and growing seasons due to more or less
bunches, or bunch weights.  Vines with excessive vigour have the potential to reduce
the grade of trellis dried fruit by reducing the penetration of drying oil and potash
onto the fruit and by reducing drying time by shading the fruit and reducing air flow.
The wider vine spacing with potentially less vigour have the potential to reduce fruit
drying time and increase fruit value.

In 2001/2002 season fruit yield was measured by hand harvesting one random vine
from each of the 8 replicates.  The fruiting canes were hand cut in a way to simulate a
mechanical cutting bar.  The cut canes were left to hang on the trellis wires until the
fruit reached a moisture content of between 15 and 18 %.  A randomly selected one
metre section was then hand harvested with bunch numbers and bunch weight being
recorded in the field. The fruit was returned to the Laboratory and tested for %
moisture using a Calipco moisture meter. After the fruit was finished dried it was
taken to Sunbeam Foods Pty Ltd for quality grading.
Again in season 2002/2003 fruit yield was measured by hand harvesting one random
vine from each of the 8 replicates.  The cutting process was repeated as for the
2001/2002 season but harvest was altered in that multiple 0.6m sections were used to
harvest one half of each of the selected vines. This additional component of harvest
was added to allow for determination of where along a cordon yield occurs ie near the
crown or at end of cordon.  Bunch numbers and weights were recorded for each
section. The fruit was returned to the laboratory and tested for % moisture using a
Calipco moisture meter. After the fruit was finished dried it was taken to Sunbeam
Foods Pty Ltd for quality grading.  All data was analysed using Genstat 6 release 1 for
Windows (Payne et al.1993) and all differences are at P=0.05 unless stated otherwise.

There was no significant difference in dried fruit moisture between vine spacing at
any grower site (Data not shown).  There was considerable difference in moisture
contents between grower sites but this was mainly due to grower preference to cutting
time and harvest moisture content.  The 2002 fruit was considerably wetter than the
2003 harvest fruit at all sites due to poorer drying conditions that year.  The number
of bunches per metre was considerably greater at the 2002 harvest than the 2003
harvest (Table 5.1).  This occurred with Sunmuscat and Sultana across all grower
sites.  The two widest Sunmuscat vine spacings of 4.8m had the greatest reduction in
bunches metre when comparing harvests 2002 to 2003 at the two deeper soil sites.
With Sultana at the deeper soil site the 2.4 metre vine spacing had the greatest bunch
metre in 2002 but there was no effect of vine spacing on bunches metre in 2003
(Table 5.2).  At the shallow soil depth Sultana site the 2.4m spacing there was no
change in bunch metre between 2002 and 2003 compared to the wider vine spacing
that had between a 40 and 50% reduction in bunch metre.
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Table 5.1  Effect of four vine spacings on the number of Sunmuscat bunches per
metre of cordon at three grower sites at harvest in March 2002 and 2003.

Grower and soil depth Year 2.4m vine
 spacing

3.6m vine
spacing

4.8m(a)
vine
spacing

4.8m(b)
vine
spacing

Bunches metre
Gardner (900mm) 2002 78.3 79.4 76.5 80.6
Gardner (900mm) 2003 39.7 44.7 22.1 29.6
Martin (600mm) 2002 45.3 51.3 51.9 45.0
Martin (600mm) 2003 34.6 38.1 16.1 18.4
ADFA (500mm) 2002 54.8 58.3 60.3 56.3
ADFA (500mm) 2003 37.1 30.3 41.7 30.0

Table 5.2  Effect of four vine spacings on the number of Sultana bunches per metre of
cordon at two grower sites at harvest in March 2002 and 2003.

Grower and soil depth Year 2.4m vine
 spacing

3.6m vine
spacing

4.8m(a)
vine
spacing

4.8m(b)
vine
spacing

Bunches metre
Shaw (900mm) 2002 40.3 30.3 30.5 22.6
Shaw (900mm) 2003 21.8 21.5 19.1 20.0
French (400mm) 2002 22.5 33.6 31.6 31.6
French (400mm) 2003 21.2 16.7 17.6 15.2

When comparing the average bunch weight between the two harvests with Sunmuscat
there was a slight reduction in the 900mm soil depth but on average 25% reduction in
the 600 and 500mm soil depth sites (Table 5.3).  In the 2002 Sunmuscat harvest at the
2.4 and 3.6m vine spacings, average bunch weight was greater than the 4.8m spacings
at the 900mm and 600mm soil depths.  There was no effect of vine spacing on the
average weight of Sunmuscat bunches with the 2003 harvest.  With Sultana there was
no trend in average bunch weight between the two harvests.  The effect of row
spacing on average bunch weight varied between the soil depths (Table 5.4).  The
2.4m vine spacing had a reduced average bunch weight compared to the three wider
vine spacings in both harvests at the 900mm soil depth.  The opposite was the case in
the 400 mm soil depth with the narrower vine spacings (2.4 and 3.6m) having a
greater average bunch weight than the 4.8m spacings in both harvests.  In the first
harvest (2002) the average number of bunches metre was 61 in Sunmuscat which was
more than twice the average recorded in Sultana at 30 bunches metre.  This trend was
continued in the second harvest except the number of bunches metre was greatly
reduced to 32 for Sunmuscat and 19 for Sultana.  The average dried Sultana bunch
weight was greater than Sunmuscat in both harvests with a range of 84 to 163 g per
bunch compared to a range of 47 to 85 g per bunch.
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Table 5.3  Effect of four vine spacings on the average bunch weight of Sunmuscat at
three grower sites at harvest in March 2002 and 2003.

Grower and soil depth Year 2.4m vine
 spacing

3.6m vine
spacing

4.8m(a)
vine
spacing

4.8m(b)
vine
spacing

Average bunch weight (g)
Gardner (900mm) 2002 66.3 68.7 61.0 54.0
Gardner (900mm) 2003 60.5 56.7 56.3 53.1
Martin (600mm) 2002 81.5 74.5 59.9 66.2
Martin (600mm) 2003 47.5 50.2 47.6 42.0
Adfa (500mm) 2002 78.3 85.4 81.1 77.3
Adfa (500mm) 2003 68.4 66.4 62.1 60.2

Table 5.4  Effect of four vine spacings on the average bunch weight of Sultana at two
grower sites at harvest in March 2002 and 2003.

Grower and soil depth Year 2.4m vine
 spacing

3.6m vine
spacing

4.8m(a)
vine
spacing

4.8m(b)
vine
spacing

Average bunch weight (g)
Shaw (900mm) 2002 83.8 95.6 95.4 102.0
Shaw (900mm) 2003 94.9 100.5 114.3 104.1
French (400mm) 2002 141.9 124.4 112.8 106.8
French (400mm) 2003 127.0 163.0 113.0 109.0

Dried fruit yield was greater in 2002 harvest compared to 2003 at all soil depths and
for both Sultana and Sunmuscat.  The yield decrease at the second harvest was greater
in the Sunmuscat grower sites than Sultana at between 50 to 60% of 2001 yield
compared to 65 to 75 % with Sultana. (Figure 5.8).  The 3.6m vine spacing was the
highest yielding in both 2002 and 2003 Sunmuscat harvests at the 900 and 600mm
soil depths.  Both the 4.8m vine spacings produced the least yield at the 900 and
600mm Sunmuscat sites.  At the shallowest Sunmuscat soil depth (500mm) no effect
of vine spacing on yield was measured in either harvest.   There was no effect of vine
spacing at the 900mm soil depth Sultana site in either year.  This was not the case in
the 400mm soil site with the two 4.8m vine spacing yielding the least in the 2003
harvest.

The reduction in fruit yield in the second harvest in both Sunmuscat and Sultana was
mainly a factor of less bunches metre.  Reduced bunch numbers were not due to less
canes or length of cane in the second season (Figure 5.8); with similar number of cane
length and cane metre for both seasons.  The reduced yield of the 4.8m vine spacing
in Sultana at a 400 mm soil depth in the second harvest was again mainly caused by a
reduction in bunches per metre.  This was not the case with the reduction in yield of
the 4.8m vine spacing of Sunmuscat at the 900 and 600mm soil depths.  The 4.8m
vine spacings had reduced bunches metre compared to narrower vine spacings but
also had reduced average bunch weight.  Over the two harvest there was no effect of
vine spacing on the grade of either Sultana or Sunmuscat (Data not shown).
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Figure 5.8  Effect of four vine spacings on dried fruit yield of Sunmuscat and Sultana
at three different soil depths in 2002 and 2003.
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5.5 Berry Growth and Maturation

Dried vine fruit production in the Sunraysia region of South-eastern Australia has a
small window of opportunity to trellis dry fruit.  The later the date of cutting reduces the
time of high temperature and low humidity available to dry the fruit.  The shorter the
drying time on the vine also decreases the probability of rain.  The effect of rain is to
increase the activity of the browning enzyme, polyphenol oxidase, which darkens the
fruit reducing the value.  This is especially the case with Sunmuscat that typically
reaches harvest two weeks after Sultana.  A rapid rate of sugar accumulation and berry
growth are vital to enable an early commencement of trellis drying.  Factors that will
effect the speed of sugar accumulation are crop load, and vine photosynthetic rate which
is highly effected by water availability.

In both growing seasons 2001/2002 and 2002/2003, four vines were randomly selected
from each treatment across each site.  Two bunch samples were collected from these
vines on a weekly basis from the end of January until cutting.  Samples were
immediately cooled and returned to the laboratory for processing. The berries were
stripped from the bunches and a one hundred berry sub-sample was randomly selected
and weighed.  The sub-sample was then crushed and tested for 0Brix by refraction.  All
data was analysed using Genstat 6 release 1 for Windows (Payne et al.1993) and all
differences are at P=0.05 unless otherwise stated.

Figure 5.9  The rate of change in oBrix of Sunmuscat and Sultana at five grower sites.
the month prior to harvest in 2002 and 2003

Across all grower sites vine spacing had no effect on percentage berry sugar content in
either year (Data not shown).  The percentage sugar was up to 5% greater in 2003 that at
the equivalent time in 2002 in Sultana and 2% greater in Sunmuscat (Figure 5.9).  The
greater fruit yield in 2002 is one factor in the reduced sugar content in 2002 compared to
2003.  The rate of increase in percentage sugar was very similar between the two years
and at all grower sites.  For Sunmuscat in the month before harvest the berries gained
between 0.13 and 0.15 oBrix a day in 2002 and between 0.16 and 0.20 oBrix a day in
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2003.  A similar trend was observed with Sultana gaining 0.13 oBrix a day in 2002 and
between 0.16 and 0.20 oBrix a day in 2003.
Increasing vine spacing reduced average individual berry weight at the mid soil depth
(600mm) at both harvests (Figure 5.10 and 5.11).  The 2.4m spacing had a greater
individual berry weight than all other spacings at all measurement times in 2002.  At this
site by the second season (2002/2003) the greater individual berry weight was with the
2.4 and 3.6m spacings which were both greater than both 4.8m spacings.  At the other
two Sunmuscat sites during both seasons there was no consistent effect of vine spacing
on average individual berry weight (Data not shown).  In the 2001/2002 season the two
narrower vine spacings (2.4 and 3.6m) had elevated individual berry weights compared
to the 4.8m vine spacings at the shallow Sultana soil site (Figure 5.12).  There was no
trend at the deeper 900mm Sultana soil site in either season or at the 400mm soil site in
the second season (Data not shown). At all five grower sites regardless of vine type
average individual berry weight was greater in the 2001/2002 season compared to
2002/2003 season.  This increase in berry weight averaged 0.4g with Sunmuscat and
0.2g with Sultana.

By multiplying the berry sugar content by the average berry weight the result is the
average weight of sugar per berry.  This value calculated over time plots the
accumulation of sugar for the last month prior to harvest (Figure 5.13).  There was no
effect of vine spacing on the average weight of sugar per berry or on the rate of sugar
accumulation (Data not shown).  The rate of accumulation of sugar (mg of sugar per
berry) of Sunmuscat and Sultana was similar for all soil depths over both seasons at an
average of 4.7 mg per berry per day.

Figure 5.10  Effect of vine spacing on the change in average berry weight of Sunmuscat
berries one month prior to harvest in 2002 at the mid soil depth site.
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Figure 5.11  Effect of vine spacing on the change in average berry weight of Sunmuscat
berries one month prior to harvest in 2003 at the mid soil depth site.

Figure 5.12  Effect of vine spacing on the change in average berry weight of Sultana
berries one month prior to harvest in 2002 at the shallow soil site.
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Figure 5.13  Changes in average individual berry weight of sugar over time (Julian
days) at three Sunmuscat and two Sultana sites in 2002 and 2003.
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5.6 Linking Nutrition with Vigour Potential of Vines

Previous research into grapevine nutrition has devised a method of assessing
grapevine nutritional status.  This method is based on petiole nutrient concentrations
at flowering.  The Dried Fruit Research and Development Council project CSH53
indicated that improvement in assessing Sultana nutritional status would be possible if
petiole nutrient concentration was matched to grape vigour.  The best method for
determining vine vigour was measuring the length between the second node and the
eighth node (Anon 2000).  In project CSH53 a new interpretative framework for
determining vine agronomic needs from petiole nutrient concentrations and the
aggregate length of the 5-8 internodes was proposed (Anon 2000).  This new
interpretative framework was based on own rooted Sultana vines and grafted
Sultana/Ramsey vines trained on to a standard T trellis.  This project aims to assess
this new interpretative framework on a Shaw trellis with both Sultana/Ramsey vines
and Sunmuscat/Paulsen vines.

At each grower site in November 2001 and again in November 2002 four vines were
randomly selected from each of the vine spacings. A total of twenty petioles were
taken from a node containing a bunch.  The petioles were washed, dried, weighed and
placed in a drying oven at 60oC.  After drying the samples were ground to pass
through a 20µm sieve.  Sub samples were digested in concentrated HNO3 for 12 hours
at 120 °C  and then diluted and P, K, Mg, Ca, S, Na, Al, Mn, Fe, Cu, Zn, and B
concentrations were determined on a Spectroflame ICP.  N levels were determined by
a Dumus combustion method.  All data was analysed using Genstat 6 release 1 for
Windows (Payne et al.1993) and all differences are at P=0.05 unless otherwise stated.

There was no effect of any nutrient concentration due to vine spacing at any of the
five sites.  At the 900mm soil depth the Sunmuscat 5-8 internode length was greater in
the 2.4 and 3.6m spacing compared to the 4.8m spacings in both years of
measurement (Table 5.5 and 5.6).  The effect of vine spacing at the 600mm soil depth
was that Sunmuscat internode length was greater in the two 4.8m spacings in the first
season and the 2.4m spacing in the second season.  In the shallowest soil depth the
3.6m and 4.8m(a) spacing had a greater 5-8 internode length in the first season and
there was no difference in the second.  A more consistent effect of vine spacing
occurred with Sultana over the two sites.   At the 900mm soil depth the 5-8 internode
was greatest in the 2.4 spacing over both seasons (Table 5.7 and 5.8).  The 4.8m(b)
spacing had the shortest 5-8 internode length in both growing seasons at both soil
depths.

The vigour measurement component suggested in project CSH53 uses the aggregate
length of nodes 5-8 (Anon 2000).  To evaluate measurement of vine vigour a
comparison of the relationship between average shoot length and the aggregate length
of nodes 5-8 was made (Figure 5.14). It was found that an improved correlation was
obtained when each year was treated separately.  For both years a moderately strong
correlation was measured (2001/2002 r2=0.62 and 2002/2003 r2=0.45) with both
graphs having a similar slope but shoot length was longer in the second season.  In
this study LAI was found to be a better measurement of vine vigour so the
comparison of the relationship between LAI and the aggregate length of nodes 5-8
was made (Figure 5.15) and again a moderately strong correlation was recorded with
a r2 0.58.  This correlation was found to be stronger when both years were combined.
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It would appear that the aggregate length of nodes 5-8 is a good index of vine vigour
for both grafted Sunmuscat and Sultana on Shaw trellis.

By investigating the DFRDC project No. CSH53, interpretative framework for
determining vine agronomic needs from petiole nutrient concentrations, and the
aggregate 5-8 internode length for vine vigour, nitrogen and phosphorus the following
results were obtained.  At the Sunmuscat 900mm soil depth both the 4.8m vine
spacings in both years were found to be low in N and in vine vigour.  At the
Sunmuscat 600mm soil depth vine vigour was found to be limiting only in the second
season in all but the 2.4m spacing and N was limiting in both years and all spacings.
Phosphorus was high in all spacings suggesting a deficiency in vine vigour or N.  The
500mm soil was found to be limiting in P only in all treatment in both seasons.  In the
Sultana sites there was no spacing with low vigour but the 2.4m spacing was found to
have excessive vigour in 2002/2003.  Nitrogen was found to be limiting in the 3.6 and
4.8(a) treatments only at the 900mm soil depth for both years.  In the 400mm soil all
vine spacing were deficient in N in 2001/2002 but only the 4.8m spacings in
2002/2003.  The results of the interpretative framework suggest that the 600mm
Sunmuscat site has a low N status that has reduced the vigour of the wider vine
spacings.  The interpretative framework for determining vine agronomic needs from
petiole nutrient concentrations and the aggregate length of the 5-8 internodes would
appear, from the two years data, to be as useful with Shaw trellis vines as with the T
trellis vine it was originally proposed for.

Table 5.5  The effect of vine spacing on the 5-8 node aggregate internode length, %N
and %P of Sunmuscat at three sites of varying soil depth in the growing season of
2001/2002

Grower
(Soil depth)

Measurement 2.4m 3.6m 4.8m (a) 4.8m (b)

Gardner
(900mm)

5-8 node aggregate
internode length mm

298 291 197 170

%N 0.91 1.1 0.91 0.79
%P 0.37 0.43 0.41 0.4

Martin
(600mm)

5-8 node aggregate
internode length mm

217 224 244 259

%N 0.66 0.74 0.71 0.67
%P 0.46 0.51 0.51 0.47

Adfa
(500mm)

5-8 node aggregate
internode length mm

211 261 244 178

%N 1.2 1.25 1.08 0.95
%P 0.19 0.19 0.14 0.13
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Table 5.6  The effect of vine spacing on the 5-8 node aggregate internode length, %N
and %P of Sunmuscat at three sites of varying soil depth in the growing season of
2002/2003

Grower
(Soil depth)

Measurement 2.4m 3.6m 4.8m (a) 4.8m (b)

Gardner
(900mm)

5-8 node aggregate
internode length mm

234 265 174 209

%N 0.76 0.7 0.64 0.68
%P 0.49 0.45 0.43 0.44

Martin
(600mm)

5-8 node aggregate
internode length mm

280 170 205 184

%N 0.65 0.77 0.92 0.75
%P 0.52 0.52 0.45 0.48

Adfa
(500mm)

5-8 node aggregate
internode length mm

225 228 234 217

%N 1.0 1.0 0.92 0.9
%P 0.14 0.14 0.14 0.13

Table 5.7  The effect of vine spacing on the 5-8 node aggregate internode length, %N
and %P of Sultana at two sites of varying soil depth in the growing season of
2001/2002

Grower
(Soil depth)

Measurement 2.4m 3.6m 4.8m (a) 4.8m (b)

Shaw
(900mm)

5-8 node aggregate
internode length mm

290 247 274 241

%N 0.89 0.78 0.75 0.9
%P 0.58 0.54 0.5 0.53

French
(400mm)

5-8 node aggregate
internode length mm

208 229 213 139

%N 0.66 0.74 0.71 0.67
%P 0.46 0.51 0.51 0.47
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Table 5.8  The effect of vine spacing on the 5-8 node aggregate internode length, %N
and %P of Sultana at two sites of varying soil depth in the growing season of
2002/2003

Grower
(Soil depth)

Measurement 2.4m 3.6m 4.8m (a) 4.8m (b)

Shaw
(900mm)

5-8 node aggregate
internode length mm

271 244 239 204

%N 0.89 0.78 0.75 0.9
%P 0.58 0.54 0.5 0.53

French
(400mm)

5-8 node aggregate
internode length mm

314 287 249 265

%N 1.2 0.85 0.85 0.83
%P 0.65 0.55 0.49 0.52

Figure 5.14  The relationship between 5-8 node aggregate length and average shoot
length of Sunmuscat and Sultana in 2001/2002 and 2002/2003 growing season.
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Figure 5.15  The relationship between 5-8 node aggregate length and average shoot
length of Sunmuscat and Sultana in 2001/2002 and 2002/2003 growing season.

5.7 Grapevine Water-use

Grapevines with excessive vigour are comparatively less water use efficient compared
to less vigorous vines.  Increased vine canopy size increases transpiration rate,
increasing total vine water use, and these vines tend to be less productive due to
reduced fruitfulness and increased disease.  The potential of wider vine spacing to
reduce vine vigour could also lead to reduced vine water-use and increased water-use
efficiency.

In January 2001 sixteen DivinerTM moisture monitoring tubes were installed at each
site. Two vines were selected for each vine spacing at each site. One tube was
installed 300mm from the trunk and the second tube at the mid point between trunks.

Season 2001/2002 soil moisture monitoring was carried out every second day using a
DivinerTM 2000 from November to early December and in January to early February.
Also an additional reading was taken 12-16 hours after the completion of each
irrigation.  Season 2002/2003 monitoring was carried out on a Monday – Wednesday-
Friday basis during the same period of time from November to early December and
January to early February. Also, an additional reading was taken 12-16 hours after the
completion of each irrigation.

There was no measured effect of vine spacing on vine water use in either year of
measurement.  All soil depths exhibited similar trends of vine water use; a peak after
irrigation with a gradual decline until next irrigation.  The 900mm soil depth
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Sunmuscat (Gardner) site is shown as a typical example of vine water-use.  Maximum
rate of vine water-use was 8 mm per day in November and 15 mm per day in January
(Figures 5.16 and 5.17).

Figure 5.16  The pattern of vine water-use of Sunmuscat between 22//10/01 to
16/11/02 and 11/1/02 to 2/2/02 at a site with 900mm soil depth and pan evaporation
for the same period.

Figure 5.17  The pattern of vine water-use of Sunmuscat between 25/11/02 to 6/12/02
and 24/1/03 to 2/2/03 at a site with 900mm soil depth and pan evaporation for the
same period.
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5.8 Conclusions

Generally the 3.6m vine spacing was the highest or equal highest yielding of dried
vine fruit in both Sultana and Sunmuscat.  The 4.8m vine spacings were lower
yielding in the 900 and 600mm Sunmuscat sites and the 400mm Sultana site.  At all
these sites nitrogen levels were found to be low enough to be limiting vine yield
potential. Based on the two years data it can be proposed that: increasing vine spacing
does not reduce vine yield in high input vineyards. The continuation of these trial sites
will provide more data to determine the long term sustainability of wider vine
spacings.

Reduction in bunches per metre of cordon was the major cause of yield reduction in
the wide vine spacing treatments.  This reduction in bunches metre can be mainly
attributed to a reduction in bud number caused by a reduction in cane number per
metre of cordon.  The 2.4m treatment generally had the greatest leaf area index and
shoot length of all vine spaces treatments and was starting to indicate excessive
vigour with longer internode spaces and greater number of cane per metre of cordon.
In the less vigorous sites widening vine spacing was found to reduce shoot length and
LAI which ultimately reduced cane length. Vine spacing had no measured effect on
vine water-use or on fruit quality in this trial.

A potential tool emerged for assessing vine health of grapevines trained to the Shaw
trellis.  This tool is the measurement at pruning of the number of canes per metre of
cordon.  Initial work suggests that in Sultana and Sunmuscat vines 4 canes per metre
is optimum for achieving high dried fruit yields.  Any number below this suggests the
application of water or fertilizer has been insufficient.  Grapevines with more than
four canes tend not to yield any more than vine with only four canes.

6 Technology Transfer

Information regarding the progress and results of this project were conveyed to
industry and the Department through presentations and displays.

Presentations • Krstic, M.P., Presentation on trial site selection and setup
at the Riverlink dried grape planning forum (28th July
2000).

• Hancock, F. Presentation at on trial setup and vine training
at Riverlink dried grape planning forum (15th August
2001).

• Hancock, F., Presentation on trial progress at Riverlink
dried grape planning forum (30th July 2002).

• Krstic, M.P., Clingeleffer, P.C. & Hancock, F.
Presentation on trial progress and project review by project
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steering committee members (31st July 2002).
• Hancock, F., Presentation on trial progress to the dried

grape mechanisation committee (2nd October 2002).
• Hancock, F., Presentation on trial progress to DPI staff (2nd

June 2003).
• 

Displays • Hancock, F., Kelly, G. and Krstic, M.P. - Mildura and
District Horticultural field days - project display (May 29-
30 2001)

• Hancock, F., Kelly, G. and Krstic, M.P. - Mildura and
District Horticultural field days - project display (May 28-
29 2002)

• Hancock, F., Kelly, G. and Krstic, M.P. - Mildura and
District Horticultural field days - project display (May 27-
28 2003)

• Hancock, F., Kelly, G. and Krstic, M.P. - Riverland field
day field display - project display (14-15 August 2001)

7 Recommendations

• Increasing vine spacing to 3.6m was found to be the highest yielding and this was
due mainly to more bunches per metre of cordon.

• The traditional 2.4m vine spacing was found to be over vigorous compared to
wider spacings on the deeper soils and when water and nitrogen was non limiting.

• Wider vine spacings had no effect on dried vine fruit yield when water and
nitrogen was non limiting.

• The measurement of cane per metre along a cordon is showing potential as tool
for yield forecasting and a vine health indicator for Shaw trellis vines.

• The high cost of set up of these trial sites and the long lag phase from initial trial
establishment to data collection means the trial sites are just beginning to prove
their usefulness.  The continuation of these trial sites will provide valuable
information on vine spacing and long-term sustainable high yield with the Shaw
trellis.
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