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Media Summary 

The production of free flowing, friable dried fruit products is a high industry priority. Skin 
fragility, particularly of light coloured sultanas, leads to excessive processing damage and 
subsequent problems with moisture uptake, darkening, sugaring and compaction. Factors that are 
known to contribute to skin fragility include high applications of water and nitrogen, adoption of 
vigorous rootstocks, excessive fruit shading, rack compared to trellis drying, harvest of immature or 
overripe fruit, excessive application of drying emulsions and yellow fruit compared to amber and 
darker sultanas. In this project studies were undertaken to enhance understanding of the 
mechanisms involved in processes affecting sultana skin strength. It has identified a number of 
issues for immediate adoption by growers and processors. 

During the course of the project it was found that berry splitting caused by rain at, or just prior to 
harvest was reduced by a single post-set application of gibberellic acid and by installation of plastic 
vine covers during berry maturation. These results provide growers with techniques to minimise 
rain damage losses and subsequent mould development. However it was found that the gibberellic 
acid increased berry size, altered the shape, size and number of skin cells and increased processing 
damage. 

The studies showed that high vigour rootstocks when compared to own rooted vines had higher 
levels of processing damage associated with development of larger berries with thinner skins and 
with altered mineral composition. Similarly Merbein Seedless (an alternative variety) had higher 
levels of processing damage than Sultana associated with development of larger berries, altered 
mineral composition and differences in the thickness of the surface waxes, the cuticle layers and the 
shape and size of skin cells. The studies also reinforced the need for trellis systems where all 
bunches have uniform exposure to sunlight as excessive exposure and shade contributed to negative 
effects on fruit quality and processing damage. 

Trellis drying when compared with rack drying reduced processing damage. Its adoption has 
potential to minimise processing damage of Merbein Seedless fruit and sultana fruit grown on 
rootstocks. · 

During the project a new analytical method was developed to assess processing damage and over 
come problems with the current damage index method which is tedious, subjective and because of 
its asymptotic nature, cannot separate treatments at high levels of damage. The new technique 
analyses Ag bound to damaged skin and has potential for adoption)n both experimental and 
commercial scenarios. Determination of moisture uptake during processing offers a simple and 
useful technique to assess processing darp.age under commercial conditions. 

The research also indicated that minimisation of damage and moisture uptake in processing requires 
careful attention to pre-processing fruit moisture content and adjustment of the processing plant for 
different fruit types, particularly fragile,' light type products. This will require identification of fruit 
types on delivery by growers and potentially the introduction of other grading standards, eg. a 
minimum moisture content (ie. 12.0%) and berry weight classification (size and uniformity). 
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Technical Summary 

The production and supply of free flowing, friable dried fruit products is a high industry priority. 
Skin fragility, particularly of light coloured sultanas, leads to excessive processing damage and 
subsequent problems with moisture uptake, darkening, sugaring, reduced friability and compaction. 
Causal factors known to contribute to skin fragility include growing practices ( eg. high applications 
of water and nitrogen, adoption of vigorous rootstocks, excessive fruit shading), drying practices 
(rack compared to trellis), immature or overripe fruit, excessive emulsion application (repeat sprays 
or high emulsion cone.) and product type (eg. yellow fruit compared to amber light types and darker 
sultanas). In this project basic studies were undertaken to enhance understanding of the 
mechanisms involved in these processes affecting sultana skin strength with the aim to underpin 
future developments to resolve this strategic problem. The project also addressed the issue of skin 
strength in relation to berry splitting following rain. It identified a number of issues for immediate 
adoption by growers and processors . 

The research strategies involved comparative studies to assess skin characteristics of sultanas from 
rootstock and irrigation trials, including shading or leaf removal treatments to manipulate · 
exposure/vigour effects. Field treatments were applied where appropriate to manipulate skin 
strength, eg. Calcium and GA applications. Assessments included measurement of skin abrasion 
during processing by damage index techniques, use of light microscopy to study berry skin anatomy 
and compositional ion analysis by ICP or C/N analyser. Berry skin anatomical characteristics 
measured were wax and cuticle thickness; epidermal and hypodermal cell size, shape and cell wall 
thickness and hypodermal thickness. It was expected that a less rigid, more plastic skin would have 
less abrasion damage in processing. In the case of berry splitting two possible mechanisms could 
be involved, ie. development of berries with elastic skins to allow expansion when water uptake 
occurs or alternatively, development of a more rigid skin structure to resist berry expansion and 
breakage. A summary of the key outputs from the project responses is provided below. 

Rain tolerance 
• Rain induced berry splitting at, or just prior to harvest was reduced by both a single post-set 

application of 30ppm GA at the 4 mm berry size and installation of plastic vine covers after 
veraison. Further research is required with respect to timing and strength of GA treatments 
and for covers, the plastic type, effects on fruit maturation, rain protection of trellis dried 
fruit and impacts on base fruit colour, mould development and processing damage. Cost: 
benefit analyses are required before recommendations can be made to industry. 

Rootstock effects 
• High vigour rootstocks compared to own roots had large effects on berry and skin 

characteristics and fruit quality. Responses to processing damage however varied depending 
on the trial and season. Ramsey rootstock produced large berries, which when processed at 
identical moisture levels to own toots had higher levels of processing damage. However, in 
one trial where the larger berried fruit had slightly higher moisture contents, Ramsey fruit 
had inferior colour but was more robust in processing. Ramsey berries had thinner skins 
with small but higher levels of C, B, Fe, K, N and lower levels of Ca, Cu, Mn, Na, P, S, Zn. 
Light fruit was produced by 1103 Paulsen, but had high processing damage associated with 
larger berries. Compared to own roots, 1103 Paulsen berry skins had higher levels of B, K 
and Mg and lower levels of C, Ca, Cu, Mn and S. 

Merbein Seedless 
• Compared to Sultana, Merbein Seedless produced large berries with significantly higher 

sugar, pH and titratable acidity and when dried, higher levels of processing damage. Berry 
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skins of Merbein Seedless had higher B, Cu and K and lower levels of C, N, Cu, Mg and 
Mn. Compared to Sultana, Merbein Seedless skins tended to have thicker wax and cuticle 
layers, shorter and wider epidermal cells with lower perimeter: area and length: width ratios 
and a thicker hypodermis with more cell layers. 

Field treatments 
• Post-set Ca application had no effect on berry size, sugar or acidity but increased pH and 

enhanced fruit colour. Ca had no effect on damage index but increased the percentage of 
highly damaged berries compared to no treatment. Skin dry weight was unaffected by Ca 
which produced higher levels of Ca, AI and Fe in berry skins. Calcium treatment had no 
effect on berry anatomy, except for a significant decrease in cuticle thickness 

• Post-set GA increased berry size but had no effect on sugar, acidity, pH or fruit colour. GA 
increased processing damage but skin thickness and mineral composition were unaffected. 
GA produced smaller epidermal cells, decreased epidermal and hypodermal cell wall 
thickness, produced a narrower hypodermis and changed cell shape (larger perimeter: area 
ratio of narrower epidermal and hypodermal cells) 

• N application treatments had no major effects on beny size, fruit colour (at harvest) or 
processing damage. Quantification of processing damage using the Ag technique gave a 
significant N x rootstock interaction. Drip irrigated, own rooted vines had the lowest 
processing damage when N was applied all season and the highest damage when N was 
applied from budburst to flowering or flowering to veraison. By contrast fruit from Ramsey 
vines had low processing damage associated with slightly higher moisture content. 

• Shading experiments showed that excessive exposure or shade should be avoided in the 
production of light coloured sultanas. It reinforces the need for trell is systems where all 
bunches have uniform exposure to sunlight. Artificial shading had minimal effect on berry 
weight, dry weight of the skin or flesh, sugar or mineral composition but increased berry 
acidity, reduced pH and produced light golden fruit prone to high processing damage. 
Exposure of berries due to Ieafremoval had no significant effect on berry weight, sugar or 
pH but lowered acidity, produced darker fruit that was also prone to processing damage. 
Leaf removal produced a significant increase in skin dry weight and lower Fe, N and S 
contents. Under natural conditions the most shaded fruit had large berries, low sugar, high 
pH and acid and produced the darkest green fruit with high processing damage. Shaded 
berries compared to exposed berries had less wax and thinner cuticles, wider epidermal cells 
with decreased cell wall thickness, a thicker hypodermis with larger cells and increased 
length to width ratio. 

• Fruit quality and processing characteristics from crop removal studies were affected by rain. 
Crop removal significantly accelerated ripening and increased berry size. For most 
elements, the composition of skin and flesh was largely unaffected by crop removal. 
However the very significant reductions in AI, Ca, Fe and Mn contents in skins and Nand 
AI content in flesh with crop removal treatments indicate further studies of changes in 
mineral composition during ripening are required as current knowledge in this area is very 
limited. The results suggest that at high sugar levels, senescence processes within the berry 
commence and this could impact on the physical properties of the skin associated with loss 
of cell wall integrity. The results also indicate that differences in fruit maturity must be 
accounted for in studies of berry mineral composition at harvest. 

• Trellis drying reduced processing damage. Trellis drying had no effect on berry skin weight 
but produced some significant responses in mineral element composition, presumably due to 
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translocation from shoots, ie. higher levels of Al, Ca, Mg and Mn. Trellis drying has 
potential to minimise processing damage with Merbein Seedless and vigorous rootstocks. 

Assessment of processing damage 
• A quantifiable, analytical method was developed to overcome problems with the current 

damage index method that is tedious, subjective and because of its asymptotic nature, cannot 
separate treatment differences at high levels of damage. The technique analyses Ag bound to 
damaged skin and has potential for adoption in both experimental and commercial scenarios 
but requires further verification prior to general use. 

• Determination of moisture uptake during processing offers a simple and useful technique to 
assess processing damage under commercial conditions. 

Processing issues 
• Large berries were more prone to processing damage than smaller berries. The results 

reinforce the need to produce fruit with minimum variation in berry size and, in processing, 
to blend fruit of similar berry size and adjust processing equipment accordingly. High 
processing damage attributed to high vigour rootstocks, inay largely be accounted for by the 
effect of berry weight. 

• Strong negative correlations between moisture content and processing damage across all 
treatments highlight the need to adjust processing equipment to account for fruit with 
different moisture contents and to blend and process fruit of similar moisture contents. Fruit 
should not be over dried and delivered at low moisture contents. Differences in processing 
damage between 11 .9% and 12.8% were highly significant. 

• Fruit moisture uptake during processing was closely linked to processing damage. Hence, 
uniform moisture content in the final product is dependent on minimising variation in 
processing damage. 

Overall, the research indicates that minimisation of damage and moisture uptake in processing 
requires careful attention to pre-processing fruit moisture content and adjustment of the processing 
plant for different fruit types, particularly fragile, light type products. This will require identification 
of fruit types on delivery by growers and potentially the introduction of other grading standards, eg. 
minimum moisture content (ie. 12.0%) and berry weight classification (size and uniformity). 
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Introduction 

Background and relevance 
The delivery of free flowing, friable dried fruit products is a high industry priority. Skin fragility, 
particularly of light coloured sultanas, leads to excessive processing damage and subsequent 
problems with moisture uptake, darkening, sugaring, reduced friability and compaction. Previous 
studies with Sultana (Clingeleffer, P. DFRDC. project CSH22) found that trellis dried fruit was less 
prone to processing damage than rack dried fruit (ie more robust). Rain darkened fruit was also 
more robust than lighter fruit. Application of high levels of drying emulsion, either by repeat 
spraying or increased emulsion strengths produced more fragile skins. Increased processing 
damage was closely linked to the level of potassium applied. This may be due to displacement of 
calcium by potassium from the berry cuticle. Calcium is the predominant cation in berry cuticles in 
their natural state (Uhlig and Walker 1997). Recent studies which aimed to identify grower 

·practices contributing to skin fragility problems in Sultana (Clingeleffer and Tarr, CSH 49), have 
shown that within light type fruit grades, increased yellowness led to higher levels of processing 
damage. Washing at the later stages of drying reduced the level of drying emulsion and reduced 
processing damage without darkening the fruit.· Finishing off by ground drying produced higher 
levels of processing damage than fruit boxed directly from the rack. Exposure on the ground sheets 
led to leakage of potassium from berries. Grower management factors that contribute to skin 
fragility have also been identified. They include drying of immature or overripe fruit, excessive 
shade within the fruiting zone, particularly with high vigour rootstocks or narrow trellises, high 
applications of water and nitrogen and adoption of vigorous rootstocks such as Ramsey. 

While the range of contributing/causal factors have been identified, further basic studies were 
required to understand the mechanisms involved and underpin future developments/ improvements 
towards resolving this strategic problem. Consequently, studies to develop tougher skins and 
reduce factors contributing to processing abrasion were recommended at the 1997 Riverlink 
Viticulture Project Planning Forum with industry. 

Research strategies and methodology 
The research strategies involved comparative studies to assess in detail, skin characteristics of fresh 
and dried sultanas from rootstock, nutrition and irrigation trials, including shading or leaf removal 
treatments to manipulate exposure/vigour effects. Further comparisons between light and dark fruit, 
rack and trellis dried fruit, were investigated. The fruit after harvesting, drying and processing was 
used for detailed assessment of the skin characteristics. 

Correlative analyses and multiple regression techniques were applied to the data to identify the 
primary factors contributing to skin strength and abrasion damage. Field treatments were applied 
where appropriate to manipulate skin strength, eg. application of nutrients, such as calcium spray 
formulations to adjust ion imbalances ot application of canopy management techniques. Calcium, 
for example plays an important role in other fruits to reduce cell wall disorders such as skin pitting 
and cracking eg. in tomatoes, apples and citrus. Higher calcium levels in the skins of mature berries 
may also lead to supplementary benefits, such as reduced splitting in wet weather. This was 
assessed in the 1999 and 2000 seasons. 

Review and Interaction. 
In general, basic studies, fundamental to understanding the mechanisms contributing to the 
differences in skin strength/fragility of dried vine fruit, caused by the suite of management and 
drying techniques listed above, have not been reported in the literature. SEM techniques have been 
used to compare cuticle wax platelet structure of natural and emulsion treated berries (Chambers 
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and Possingham 1963, Uhlig, Walker and Storey 1996 ). Similar techniques used by Clingeleffer 
(unpublished) showed large differences in the effect of dipping, spraying and trellis drying on post
emulsion wax structure (surface and cross sectional views) which appeared to be related to the 
amount of emulsion retained after treatment. Differences in cross sectional anatomical features of 
the cells of berry skins of naturals, trellis and rack dried fruit were determined in unreported 
preliminary studies using light microscopy techniques (Gmcarevic and Swift unpublished data). 
Naturals appeared to have thicker hypodermal cells. Techniques to measure skin strength of dried 
berries include:-

• single and multipin penetrometer studies by Grncarevic (unpublished data). These approaches 
failed because moisture content had a major effect on the results (Lewis, personal 
communication) 

• Instron techniques to determine elasticity and tensile strength of peeled skins. Wbile 
differences were noted between dipped and natural berries the technique had problems as the 
point of attaclunent became the weakest point (Walker and Clingeleffer unpublished), 

• Instron techniques were also applied using extrusion methods with samples of intact berries 
(Tarr 1989, Huzzey, personal communication). 

Related techniques developed more recently include the Friability index as a measure of stickiness 
(DFRDC, 'defining and managing dried fruit quality' project) and measurement of cohesion, bulk 
density and surface sugars (Nagarajah and Burrows 1997). 

A review of the literature indicates that skin strength and elasticity of fresh fruit, can be related to 
anatomical factors such as cuticle thickness; cutin content and distribution; cell size and 
arrangement including development of air spaces; mineral composition including calcium and 
boron deficiency and nitrogen excess; rootstock and vigour effects; development in sun or shade 
positions; climatic conditions; rainfall and irrigation; and surfactant additives used with pesticide 
and fungicide sprays (eg. Opara, Studman and Banks 1997). The DFRDC project CSH49, ' Impact 
of grower practices on dried fruit quality', identified a range of factors that contributed to high 
levels of processing damage, eg. high nitrogen and water regimes and high vigour rootstocks The 
results indicate that similar factors and mechanisms to those listed for fresh fruit may also apply to 
dried skin strength and hence, processing damage. Recent winegrape studies have shQwn that high 
vigour rootstocks such as Ramsey have high levels ofN, K, P and Sin berries, generally with 
reduced Ca, B and Mg levels (Clingeleffer 1996). Hence, it is likely that theN excess and Ca and B 
deficiency may be factors contributing to the fragility of skins from high vigour rootstocks. 
Interestingly, data just collated for the 1998 season from the CSIRO/DFRDC Sultana Crop 
Forecasting project indicate that a large component of berry weight differences between own rooted 
Sultana or grafted on Ramsey occurs at the later stages of berry development,· ie. post veraison 
(Sommer, Islam and Clingeleffer 2001). Consequently, skin strength differences may also be 
related to expansion of cell walls and stretching of the cuticle in the final growth phase. 
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Materials and :Methods 

Field treatments and sites 
1999 
A range of treatments were imposed on Sultana vines following fruit set. Sampling of these 
treatments occurred on a fortnightly basis to provide samples for analysis. The treatments 
included:-
• leaf removal to increase bunch exposure 
• bunch shading treatments on both own roots and 1103 Paulsen. 
• preliminary Calcium (Ca) application treatments 
• ·Gibberellic Acid (GA) treatments to increase berry size as damage may relate to berry size 

and varying skin to pulp ratios. 
• fruit removal treatments to modify crop load 

In addition, established sites/experiments were selected. They included:-
• own rooted Sultana and Sultana grafted on vigorous rootstocks 
• Sultana and Merbein Seedless as own roots or grafted to Ramsey 
• Sultana and Merbein Seedless on own roots and Ramsey rootstock subjected to rack versus 

trellis drying · 

All the treatments were harvested for drying on racks and where appropriate, trellis drying was 
imposed. In most cases the fruit was badly damaged by rain prior to harvest. Consequently the 
studies were modified to provide further information on berry splitting and subsequent fruit quality. 

2000 
Experiments from the previous year were repeated and expanded to ensure sufficient fruit existed 
to replicate processing treatments. Experimental sites for 1999/2000, including some commercial 
vineyards, were selected to test the effects of:-
• own rooted Sultana and Sultana grafted on vigorous rootstocks 
• bunch shading treatments for Sultana on own roots, 1103 Paulsen and Ramsey rootstocks 
• GA treatments to manipulate berry size 
• fruit removal treatments to modify crop load 
• Calcium (Ca) treatments 
• nutrition trial with a number of nitrogen treatments 
• · rack drying versus trellis drying 

Weekly sampling of these treatments provided fixed and frozen berry samples for anatomical and 
compositional analysis. Environmental monitoring equipment was installed to quantify 
microclimatic differences within some treatments. 

2001 
Three experimental sites were used in 2001 :-
• CSIRO vineyard, Merbein 
• NSW Department of Agriculture vineyard, Dareton 
• commercial vineyard, Merbein South 

A range of treatments that had been shown to modify skin strength in Sultana vines were trialed in 
2000/2001. Weekly measurements of berry size were taken and harvest samples provided fruit for 
analyses of wax, cuticle, skin anatomy, and skin mechanical properties. The treatments included: 

• GA and anti-GA (paclobutrazol) treatments 
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• beny selection from exposed and shaded environments 
• nutrition (N)/ irrigation/ rootstock trial 

Methodology 
Field treatments were applied to growing vines where appropriate to manipulate fruit skin strength, 
eg. application of nutrients such as calcium to adjust ion imbalances or canopy management 
techniques as detailed above. 

Comparative studies including assessment of fresh and dried sultanas were carried out for all 
treatments. The fruit samples after harvest were subjected to standardised post harvest assessments 
including; measurement ofbeny sugar concentration (0 Brix), titratable acidity, pH and 
measurement of average beny weight. Fresh berry samples were taken from some treatments for 
anatomical and compositional studies. Preparation of the samples where appropriate was by snap 
freezing in liquid nitrogen, then storing at - 80°C, normal freezing or fixed in histological 
preparations. 1nese samples were later used for the study of the anatomical characteristics of fresh 

· beny skins ( ie. cuticle thickness, cell size, number of cell layers, cell integrity etc.) by light 
miCroscopy. 

The fresh fruit samples collected at harvest were then dried, equilibrated to an optimum moisture 
content before processing (12.5-13.5%) and processed prior to detailed assessment of the skin 
characteristics. Samples were collected for pre- and post processing comparisons. Fruit samples 
were processed on-site in the CSIRO experimental plant. Processed and unprocessed samples were 
cold-stored (3°C) for later comparative assessment of the skin characteristics. These included:-

• processing skin abrasion, by damage index techniques, using both ferrous sulphate staining of 
phenolics (Lewis and Simmons,1978) and silver nitrate staining methods (Harris & Gmcarevic 
1968), 

• comparative colour analysis using tri-stimulus L *,a* ,b values collected on a Minolta CR200 
chromameter, 

• berry size and weight, 
• compositional ion analysis by ICP (Inductively Coupled Plasma Analyser). 

o Single beny samples were frozen at - 80°C, thawed slightly, peeled and the skin and 
beny flesh freeze dried separately. The dried samples were then ground and analysed 
for ion composition through the ICP. 

• C and N analysis by C/N analyser. 

Correlative analyses and multiple regression techniques (using Genstat 5) were applied to the data 
to identify the primary factors contributing to skin strength and abrasion damage. 
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Results 

Section 1: Development of a new method for measurement of damage, based on 
damage index analysis (DI). 

Background 

Previous techniques to assess skin damage after processing, based on ammoniacal silver nitrate 
staining of reducing sugars (Harris & Gmcarevic, 1968) or ferrous sulphate staining of phenolics 
(Lewis and Simmons, 1978 ) have limited value when assessing fruit with high levels of damage. 
This is because they are based on non-linear indices where high levels of damage are asymptotic to 
1 00%; the method is tedious with subjective visual assessment and lacks the precision to separate 
experimental treatments with high amounts of damage. Hence a new approach based on the silver 
nitrate staining where visual assessment was replaced by analysis of bound Ag was developed in 
this project. Inductively coupled plasma (ICP) spectroscopy is used to quantitatively measure Ag. 
The technique promises to be of significant use to the industry where most commercial samples 
appear to fall into high processing damage categories. 

Materials and methods 

Two sources of light coloured Sultanas were used in the study. The first was rack dried with ground 
drying used for 'finishing off and adjustment of the moisture content to 10%. The second was · 
trellis dried with dehydration used to adjust the moisture content to 13%. The fruit was processed 
in the CSIRO small-scale facility. Five levels of processing damage were obtained by adjustment of 
the cone speed. The fruit was then stained using the AgN03 stain developed by Harris and 
Grncarevic, 1968. Damage index was calculated after visual grading berries into slight, medium 
and heavy damage categories. Bound Ag values were assessed by ICP analysis. Moisture content 
of all samples was also determined using the standard Dried Fruits Moisture Tester. 

Results and discussion 

The low moisture, rack dried fruit had higher levels of processing damage than the trellis dried fruit 
at all cone speeds (Figure 1. 1.). Damage index (DI) increased asymptotically (max. = 100) with 
increasing cone speed for both fruit types. Because of this asymptotic relationship, differences in 
damage index were not statistically significantly different between the 17.5, 23.0, and 28.5 cone 
speed treatments with the rack dried fruit and the 23.0 and 28.5 cone speed treatments with the 
trellis dried fruit. 

Because of the greater range in damage index levels, trellis dried fruit was selected for .testing the 
quantitative method for assessment ofbound Ag using the ICP to measure the ammoniacal AgN03 
stain. In contrast to damage. index measurements, silver concentrations (JLmole berry-1

) of the trellis 
dried fruit increased almost linearly with increasing cone speed (Fig. 1.2.). The relationship 
between damage index and Ag concentration (Fig. l .J) shows a separation of fruit with high levels 
of processing damage that were undetected with the previous damage index method (Fig. 1.1 ). 

Moisture content(%) of processed rack dried and trellis dried fruit increased linearly with 
increasing cone speed. Because dried fruit absorbs moisture to a greater extent with higher 
processing damage these results further support the usefulness of the Ag measurement compared to 
the DI estimate in describing treatment effects at high levels of processing damage. The results, 
with two distinct fruit types also indicate that measurement of moisture uptake during proc~ssing 
may offer a quick and easy technique to assess processing damage under commercial conditions. 
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speeds. Each data point is the mean of 5 samples ± standard error. 
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Summary and Conclusions 

The experiments to assess processing damage were performed with two very distinct fruit types (ie. 
low moisture (10%) rack dried fruit and trellis dried fruit with optimal,13% moisture). The results 
have significant outcomes for research experiments involving fruit processing damage and in 
commercial assessment of processing damage to dried fruit. The results showed that:-

• current damage index technique is of little value in assessing treatment differences at high 
levels of processing damage. It not only relies on a tedious and subjective assessment but 
the calculations are asymptotic in nature (max. 100) and unable to separate treatment 
differences at high levels of damage 

• direct measurement of bound Ag provides a quantifiable technique to assess high levels of 
processing damage in both experimental and commercial scenarios. Further studies to 
confirm the methods validity need to be undertaken across a wide range of fruit types and 
the measurements related to moisture uptake, friability, compaction and sugaring problems 
associated with processing damage. 

• uptake of moisture during processing could distinguish treatment effects at high levels of 
processing damage. It's measurement offers a simple and useful technique to assess 
processing damage under commercial conditions, possibly with in-line measurement using 
NIR. 
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Section 2. Treatment effects on sultana berry composition and skin strength: 
Responses of Sultana on own roots and Ramsey rootstock to field applications of 
GAand Ca. 

Background 

Previous studies indicated that sultanas from Ramsey rootstock were prone to processing damage 
compared to own roots. Although correlated with production of greener fruit and higher berry 
potassium concentrations it was not clear whether the causes could be attributed to vigour/shade 
effects, development of larger berries with different skin characteristics or compositional 
differences associated with crop load and differences in mineral uptake. This study sought to further 
investigate the causes and identify potential to manipulate sultana skin strength by field application 
of GA and Ca after fruit set. The GA treatment was selected because of its potential to produce a 
larger berry and potentially change skin strength properties through its effects on cell size and cell 
division. The Ca treatment was selected because of Calcium's important role in maintaining skin 
integrity and responses of other fruits to its application as Calcium Nitrate. 

Materials and methods 

Mature Sultana vines growing as own roots or grafted on Ramsey rootstock in a replicated field trial 
on standard T -trellis were used. Four treatments were applied to fruit positioned on individual 
quarter vines selected at random. The treatments were:-

• Control 
• Ca 
• GA 
• Ca+ GA 

TheCa treatment was applied as calcium nitrate (1% cone.) applied by bunch dipping at fortnightly 
intervals between fruit set and veraison (i.e. 5 applications starting 30/11/98). The GA (30ppm) 
was applied as a single treatment (25/11/98) when most berries were 4 - 6 mm in diameter. 

Samples were collected at weekly intervals to monitor berry development and for analysis of 
various skin properties. At harvest in mid February fresh berry samples were collected and the 
remaining fruit rack dried, processed and damage index assessed. Various skin and berry 
characteristics of the fresh and dried samples were determined (see general methods section). 

·Results and discussion 

Ramsey vines produced significantly larger berries than own roots at all stages of development 
(Table 2.1, Fig. 2.1). The differences Were apparent soon after fruit set. At harvest, berries on 
Ramsey were 30% larger than own roots. Ca treatment bad no effect on berry size. The GA 
treatment produced larger berries (22% at harvest). 

Although yields on Ramsey were more than 5-fold higher than own roots, maturity was only 
slightly delayed, 21.0 compared with 21.9 °Brix. Compared to own roots, berry juice on Ramsey 
had higher titratable acidity and higher pH values. Ca treatment had no effect on sugar and 
titratable acidity but increased pH. GA treatment had no effect on sugar, acidity or pH. 
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or on Ramsey (: ) during the period of berry development. 
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Table. 2. 1. Main treatment effects of Ca and GA bunch dipping on berry weight, y ield and juice 
composition of Sultana grown as own roots or on Ramsey . Significant effects are highlighted in 
bold. (Very few treatment interactions were significant and, for simplicity, are not included). 

Own Ram +Ca -Ca +GA -GA 

Berry wt. (g) 1.33 1.73 1.53 1.54 1.69 1.38 
Yield (kg vine.1

) 5.4 29.6 - - - -
Sugar (0Brix) 21.9 21.0 21.5 21.4 21.1 21.8 
Acid (gL·lJ 3.05 3.51 3.23 3.32 3.30 3.25 
pH 3.84 3.90 3.90 3.83 3.86 3.88 

Due to low yields there was insufficient fruit of own rooted treatments to process. The Ca treatment 
had a significant, positive effect on processed fruit colour, being lighter, less green and more yellow 
than the non Ca treatment (Table 2.2). GA treatment had no effect on fruit colour. 

There was no significant effect of Ca treatment on damage index. However the GA treatment 
significantly increased processing damage as determined by the damage index values (Table 2.2). 
However, a more detailed analysis of berry weight in the three damage categories, shows berries in 
the low damage category were smaller than in both the medium and high damage categories for all 
treatments. The GA treatment had larger berries in both the heavy and medium damage categories. 
The Ca treatment had significantly larger berries in the medium damage category and smaller 
berries in the low damage category compared to the non-treated control. These results indicate that 
berry size may have a significant impact on processing damage. Although it was not possible to 
investigate the rootstock effect, it is likely that higher levels of processing damage found in 
previous studies with high vigour rootstocks may in part be due to berry size effects. From a 
commercial perspective the results reinforce the need to produce fruit with minimum variation in 
berry size and, in processing, blend fruit of similar berry size and adjust processing equipment to 
accommodate berry size differences. 

Despite the result that showed Ca treatment had no effect on damage index, closer examination 
shows significant differences in the percentage of berries in the three damage categories (Table 2.2). 
Both the Ca and GA treatments had a higher percentage of the berries in the high damage category 
but lower numbers in the medium and low categories compared to no treatment controls. Such 
results support the view that the current method of determining processing damage by the Damage 
Index is of little value for describing treatment effects at levels of processing damage commonly 
found in commercial practice. 
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Table. 2.2. Main treatment effects of Ca and GA bunch dipping on processed fru it colour (L, a, b), 
damage index, mean weight and percentage (by weight) of berries falling in different damage 
classes (high H, med M and low L). Significant effects are highlighted in bold. (Very few treatment 
interactions were significant and, for simplicity, are not included). 

+Ca -Ca +GA -GA 
Colour 
L -value 27.4 24.9 26.0 26.3 
a- value 7.5 6.0 6.8 6.6 
b -value 12.8 10.4 11.7 11.5 

Damage index 84.8 84.3 87.7 81.3 

Dam - H Berry wt.(g} 0.46 0.46 0.50 0.42 
Dam - M 0.49 0.46 0.49 0.45 
Dam - L 0.35 0.40 0.36 0.39 

Dam - H (% by wt.) 46 39 49 36 
Dam - M 47 52 46 54 
Dam - L 6 9 5 10 

Mineral analysis of berry skin and flesh components were undertaken by nitrogen analyser or ICP. 
Overall, higher levels of most elements were found in the skin compared to the flesh (Table 2.3). 
These ranged from small differences for C, Mg, Na, and Cu, 2-3 fold differences with K, P, Ca, S, 
B, and Zn and 4-7 fold differences with N, Al, Fe, Mn. The most abundant elements found in 
both the skin and flesh were C and N. Of the remaining, K contents in the skin were almost 10 
times higher than any other element followed by P, Ca, S, Mg, B and Na. 

Table. 2.3. Mineral element analysis of berry skin and flesh over all treatments ( ie. rootstock, Ca 
and GA application). Significant effects are highlighted in bold. 

element Skin(%) Flesh(%) skin/flesh (%) 

c 45.3% 41.9% 108 
N 1.49% 0.34% 444 

element Skin (!J.mole/g dwt) Flesh (!J.mole/g dwt) skin/flesh (%) 
K 626.9 220.4 284 
p 79.8 29.4 271 

Ca 52.5 ; 16.3 322 
s 31.2' 11.7 267 

Mg 21.1 16.9 125 
B 15.4 4.7 327 

Na 11.9 9.62 124 
Al 1.7 0.33 511 
Fe 0.76 0.11 701 
Mn 0.34 0.09 405 
Zn 0.15 0.06 251 
Cu 0.13 0.08 162 
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A more detailed analysis of mineral composition of the berry skin in relation to treatment effects is 
provided in Table 2.4. There was no significant rootstock effect on berry skin weight. Such a result 
indicates that the larger, Ramsey berries with a greater surface area must have thinner skins which 
may contribute to higher processing damage. There were significant rootstock effects in mineral 
element composition of berry skins. Compared to own roots, Ramsey berry skins had small but 
significantly higher levels of C, N, B, Fe, and K and lower levels of Cu, Na, P and S. 

The Ca treatment had no effect on skin dry weight but produced significantly higher levels of Ca in 
the berry skin (35%) and higher levels Aland Fe (Table 2.4). In contrast to the rootstock treatment, 
the GA treatment produced a significant increase in skin weight (17%) that was commensurate with 
the increase in berry weight (22% ). GA however had no significant effect on mineral element 
composition of the skin. 

Table. 2.4. Mineral element analysis of berry skin for the main treatment effects (ie. rootstock, Ca 
and GA application). Significant effects are highlighted in bold. 

Berry skin 
Own Ram +Ca -Ca +GA -GA 

composition 
Dry wt. skin (g) 0.031 0.032 0.031 0.032 0.034 0.029 
%C 45.0 45.5 45.3 45.2 45.2 45.3 
%N 1.5 1.7 1.6 1.6 1.6 1.6 
Al (~J.mole/g_ dwt) 2.0 2.5 3.0 1.5 2.0 2.5 
B " 10.9 19.2 15.1 14.9 14.6 15.4 
Ca " 53.9 54.3 62.4 45.8 54.1 54.0 
Cu " 0.14 0.12 0.13 0.12 0.12 0.13 
Fe " 0.70 0.98 1.00 0.68 0.76 0.92 
K " 638 689 663 663 634 692 
Mg " 22.2 22.5 22.8 22.8 22.6 23.0 
Mn " 0.36 0.35 0.37 0.34 0.36 0.35 
Na " 25.8 16.1 20.2 21.7 20.7 21.2 
p " 106.7 79.4 90.8 95.3 89.7 96.3 
s " 32.6 30.3 31.7 31.1 30.5 32.3 
Zn " 0.15 0.14 0.15 0.14 0.15 0.14 

A detailed analysis of mineral composition of the berry flesh in relation to treatment effects is 
provided in Table 2.5. In contrast to the skin results, the larger berries of Ramsey rootstock had 
higher flesh dry weight. Neither the Ca or GA treatments produced significant effects on flesh dry 
weight. This indicates that the larger fresh berries produced by the GA treatment are less dense due 
to significantly lower sugar levels and higher water contents. 

There were significant rootstock effects in mineral element composition of berry flesh. Compared 
to own roots, Ramsey berry flesh had small but ~ignificantly higher levels of B and K and lower 
levels of Ca, Cu, Mn and Na. ·TheCa treatment produced significantly higher levels of Ca (41 %) of 
N, Al, Fe and Mn in the berry flesh (35% )(Table 2.5). GA however had no significant effect on 
mineral element composition of berry flesh. 
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Table. 2.5. Mineral element analysis of berry flesh for the main treatment effects (ie. rootstock, Ca 
and GA application). Significant effects are highlighted in bold. 

Berry flesh OR R +Ca -Ca +GA -GA composition 
Dry wt berry g 0.261 0.336 0.294 0.303 0.309 0.288 
%C 41.9 41.8 41.8 41.9 41.9 41.8 
% N 0.34 0.35 0.36 0.33 0.34 0.35 
AI (!J.mole/g dwt) 0.39 0.34 0.42 0.31 0.39 0.34 
B " 3.87 5.72 4.95 4.64 4.92 4.67 
Ca " 21.2 16.1 21.8 15.5 18.8 18.4 
Cu " 0.093 0.073 0.085 0.81 0.082 0.084 
Fe " 0.105 0.101 0.110 0.095 0.104 0.102 
K " 212.9 245.5 237.7 220.8 233.2 225.3 
Mg " 17.92 18.22 18.31 17.83 17.89 18.25 
Mn " 0.12 0.09 0.109 0.097 0.106 0.099 
Na " 21.2 13.7 16.7 18.1 16.3 18.5 
p " 32.0 30.6 32.3 30.3 31.9 30.7 
s " 12.6 11.6 12.5 11.8 12.2 12.1 
Zn " 0.062 0.050 0.053 0.060 0.058 0.054 

Conclusions and summary 

The above results show that Ramsey rootstock and application of Ca and GA had varying effects on 
berry and skin characteristics and fruit quality. A summary of key outcomes is presented below. 

• Compared to own roots the high yielding Ramsey vines had 30% larger berries, a slight 
delay in maturity (21.0 cf. 21.9 °Brix), higher acidity and.'higher pH. Ramsey berries had 
thinner skins which could indicate susceptibility to processing damage. Ramsey berry skins 
had small but significantly higher levels of C, N, B, Fe, and K and lower levels of Cu, Na, P 
and S. Compared to own roots, Ramsey berry flesh had small but significantly higher levels 
of Band K and lower levels of Ca, Cu, Mn and Na. 

• Application of Ca had no effect on berry size, sugar or acidity but increased pH and 
enhanced fruit colour (ie. lighter, less green and more yellow fruit). While Ca had no effect 
on damage index it increased the percentage of highly damaged berries compared to no 
treatment. Ca had no effect on skin dry weight but produced significantly higher levels of 
Cain the berry skin (35%) and higher levels AI and Fe. Ca produced higher levels of Ca 
(41 %), N, AI, Fe and Mn in the berry flesh. 

• Application of GA produced a 22% increase in berry size but had no effect on sugar, acidity, 
pH or fruit colour. GA increased processing damage, ie. high damage index and a higher 
percentage of berries in the heavy and medium damage categories. Skin thickness was 
unaffected by GA. GA however had no significant effect on mineral element composition 
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of the skin. GA had no effect on flesh dry weight indicating that the larger fresh berries were 
less dense due to significantly lower sugar levels and higher water contents. GA had no 
effect on mineral composition of berry flesh. 

• In all treatments, larger berries were prone to higher processing damage than smaller berries. 
From a commercial perspective the results reinforce the need to produce fruit with minimum 
variation in berry size and, in processing, blend fruit of similar berry size and adjust 
processing equipment to allow for berry size. Higher levels of processing damage found in 
previous studies with high vigour rootstocks may in part be due to berry size effects. 

• Overall, the processing damage results indicate that the Damage Index technique is of little 
value for describing treatment effects at levels of processing damage commonly found in 
commercial practice. 

• Overall, higher levels of most elements were found in the berry skin compared to the flesh. 
The most abundant elements found in both the skin and flesh were C and N. Of the 
remaining, K contents in the skin were almost 10 times higher than any other element. 
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Section 3. Treatment effects on sultana berry composition and skin str~ngth: 
Responses of Sultana on own roots and 1103 Paulsen rootstock to imposed 
shading treatments, leaf removal and natural shading within the canopy. 

Background 

Previous studies indicated that sultanas from vigorous rootstock were prone to processing damage 
compared to own roots. Excessive shading is thought to be a contributing factor to the problem. 
This study sought to further investigate the interaction between vine vigour and excessive shading 
effects on fruit quality, composition and processing damage. It also investigated effects of natural 
exposure and shading of bunches within the canopy and leaf removal. 

Materials and methods 

Mature Sultana vines growing as own roots or grafted on 1103 Paulsen rootstock in a replicated 
field trial on standard T -trellis were used. Approximately half of the bunches on each vine were 
covered with Aluminium foil bags (ie. ' roast chicken bags' with the bottoms removed) during berry 
development. The remaining bunches were used as the control treatment. At harvest in mid 
February fresh berry samples were collected and the remaining fruit rack dried, processed and 
damage index assessed. Various skin and berry flesh characteristics of the fresh and dried samples 
were determined (see general methods section). 

In a second experiment bunches on own rooted sultana were artificially exposed by removal of 
leaves during berry development and treated as above at harvest. 

A third experiment was conducted where natural variation in exposure was used to give different 
samples for drying and analysis. Bunches were selected from exposed, high-, and partly shaded 
positions within the canopy. 

Results and discussion 

Compared to own roots, 1103 Paulsen rootstock produced larger berries which had higher sugar, pH 
and titratable acid levels (Table 3.1). The shading treatment had no significant effect on berry size 
or sugar level but produced higher levels of titratable acidity and lower pH. Processing damage (ie. 
damage index) was increased by both 1103 Paulsen rootstock and shading. The significant 
rootstock x shading interaction showed that shading produced a much larger increase in processing 
damage with own roots (ie. DI values of 86.1 vs 76.0 respectively) than with 1103 Paulsen (DI 88.2 
vs 85.0 respectively). In the latter case both the shading and control treatments had high damage 
compared to own roots. 

Compared to own roots, the high maturity fruit from 1103 Paulsen produced lighter, redder and 
yellower sultanas (Table 3.1). The shading treatment produced lighter and yellower sultanas but 
had no effect on greenness (a-value). 

Overall, the results suggest that the high processing damage found with the high vigour 1103 
Paulsen may be related to both the effect of berry size, as shown for Ramsey and higher levels of 
fruit shading associated with their high vigour. However, lighter fruit colour associated with the 
high maturity level of 1103 Paulsen cannot be ruled out as a confounding factor. Previous studies 
have shown that lighter coloured fruit is more fragile and susceptible to processing damage. 
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Table. 3. 1. Main treatment effects of rootstock and shading on berry weight, damage index, juice 
composition and fruit colour. Significant effects are highlighted in bold. (Very few treatment 
interactions were significant and, for simplicity are not included). 

OR Paulsen +Shade -Shade 

Berry wt g 1.42 1.52 1.49 1.45 
Brix 20.2 23.3 21.6 22.0 
Acid 3.35 3.78 3.80 3.33 
pH 3.66 3.89 3.75 3.81 
DI 81.1 86.7 87.2 80.6 
L-value 24.9 27.4 27.2 25.1 
a-value 5.94 7.50 6.59 6.83 
b-value 10.5 12.8 12.2 11.03 

A detailed analysis of mineral composition of the berry skin in relation to treatment effects is 
provided in Table 3.2. Compared to own roots, th.e larger berried Paulsen (7%) had higher skin 
weights (12% ). This is in contrast to the effect of the Ramsey study where dry skin weight was 
similar to own roots (Table 2.4). There were significant rootstock effects in mineral element 
composition of berry skins. Compared to own roots, 1103 Paulsen berry skins had small but 
significantly higher levels of B, K and Mg and lower levels of C, Ca, Cu, Mn and S. The shading 
treatment had no effect on skin dry weight but produced minor responses in mineral composition, 
ie. significantly higher levels of Al, Cu and Fe in the berry skin and lower levels of S. 

Table. 3.2. Mineral element analysis of berry skin for the main treatment effects (ie. rootstock and 
shading). Significant effects are highlighted in bold. 

Berry skin OR Paulsen +Shade -Shade 
composition 
D!ywt skin g 0.28 0.32 0.30 0.30 
% C 45.9 45.2 45.7 45.5 
% N 1.53 1.47 1.53 1.47 
A1 (~-t!llole/g dwt) 1.80 1.75 1.84 1.69 
B " 10.7 18.6 13.9 15.7 
Ca " 55.0 38.8 46.4 47.0 
Cu " 0.14 0.11 0.14 0.12' 
Fe " 0.81 0.86 0.90 0.76 
K " ; 540 650 588 606 
Mg " 18.7 21.8 19.8 20.8 
Mn " 0.38 0.28 0.31 0.35 
Na " 7.2 10.8 8.5 9.6 
p " 85.7 80.3 84.9 80.7 
s " 29.8 27.3 27.6 29.5 
Zn " 0.15 0.14 0.14 0.14 
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A detailed analysis of mineral composition of the berry flesh in relation to treatment effects is 
provided in Table 3.3. There were significant rootstock effects in mineral element composition of 
berry flesh. Compared to own roots, 1103 Paulsen berry flesh had small but significantly higher 
levels of B, Fe, K and Mn and lower levels of C, N, Ca and Cu. Shading had little effect on mineral 
composition of the berry flesh. 

Table. 3.3. Mineral element analysis of berry flesh for the main treatment effects (ie. rootstock, Ca 
and GA application). Significant effects are highlighted in bold. 

Berry flesh OR Paulsen +Shade -Shade 
composition 
Dry wt berry g 0.29 0.33 0.30 0.30 
%C 42.2 41.7 42.0 41.8 
% N 0.36 0.32 0.35 0.32 
AI (!lmole/g dwt) 1.79 1.77 1.87 1.69 
B " 3.69 5.55 4.50 4.80 
Ca " 16.2 14.3 15.0 15.4 
Cu " 0.08 0.07 0.08 0.07 
Fe " 0.09 0.12 0.11 0.10 
K " 203 246 231 219 
Mg " 16.7 17.3 17.3 16.7 
Mn " 0.08 0.09 0.09 0.08 
Na " 5.0 10.5 7.1 8.6 
p " 32.2 30.5 32.0 30.6 
s " 11.5 11.5 11.6 11.4 
Zn " 0.07 0.06 0.06 0.07 

Leaf removal 
Exposure of bunches by leaf removal had no significant effect on berry weight, sugar or pH but did 
give significantly lower titratable acidity (Table 3.4). However exposure produced a significant 
increase in processing damage (damage index) associated with an increase in the proportion of 
berries in the high damage class. The dried sultanas from the exposed fruit were darker, redder and 
less yellow than from the control. 

Table 3.4. Effect of leaf removal on berry weight, juice composition, processing damage and fruit 
colour. Significant effects are highlighted in bold. 

+Leaves ·Leaves 
; 

Berry wt g 1.41 1.34 
Brix 19.9 18.3 
Acid 3.29 2.99 
pH 3.67 3.62 
DI 76.6 92.3 
DHigh g% 34 52 
DMedg % 52 45 
DLow g% 15 3 
L-value 31.16 28.32 
a-value 6.32 7.40 
b-value 15.41 14.11 
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Leaf removal produced a significant increase in skin dry weight (Table 3.5). This suggests that skin 
thickness was increased by exposure to the sun as berry weight was unaffected by the treatment. 
Skin from exposed fruit had significantly lower N (23% ), Fe and S contents. Leaf removal 
produced a significant increase in the dry weight of the berry flesh (Table 3.6). Flesh from exposed 
fruit had significantly lower N (26% ), Al, Mn, P and S contents. 

Table 3.5. Effect of leaf removal on berry skin mineral composition. Significant effects are 
highlighted in bold. 

Berry skin 
+Leaves -Leaves 

composition 
Dry wt skin g 0.0241 0.0297 
%C 45.95 45.50 
%N 1.516 1.166 
Al (~-tmole/g dwt) 1.714 1.323 
B " 11.01 10.09 
Ca " 61.8 60.5 
Cu " 0.1324 0.1257 
Fe " 0.747 0.615 
K " 521 555 
Mg " 20.76 24.34 
Mn " 0.411 0.359 
Na " 7.42 4.93 
p " 87.1 81.4 
s " 31.42 28.34 
Zn " 0.1511 0.1748 

Table 3.6. Effect of leaf removal on berry flesh mineral composition. Significant effects are 
highlighted in bold. 

Berry flesh 
I 

' +Leaves -Leaves 
composition 
Dry wt berry g 0.2213 0.2616 
%C 

' 
42.58 42.38 

% N J 0.397 0.292 
Al (~-tmole/g dwt) I 1.619 1.238 
B 

,, ; I 4.05 3.77 ; 

Ca " I 18.03 14.71 
Cu " l 0.0835 0.0777 
Fe " 0.1049 0.0963 
K " I 208.3 197.9 
Mg " I 

I 16.97 16.16 
Mn " ' I 0.086 0.067 
Na " I 5.64 3.69 
p " I 35.31 31.54 
s " I 12.32 10.58 
Zn " I 0.0722 0.0688 

! 
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The natural shading treatments produced significant differences in juice composition and fruit 
characteristics. At harvest, the distribution of fruit was similar in the 3 exposure categories. 
The shaded fruit had larger berries than the exposed or medium shade fruit (table 3.4) . The exposed 
and shaded fruit had the highest and lowest sugar levels respectively. The shaded fruit bad the 
highest acid and pH levels. Processing damage (damage index) was highest for the shaded fruit and 
lowest for the exposed fruit. This could be attributed to the increase in the percentage of highly 
damaged berries and fewer berries without damage. Exposed fruit produced the lightest, reddest 
and most golden fruit. The shaded fruit produced the darkest, greenest and least golden fruit sample. 
The results that light coloured sultanas which have good processing characteristics can be produced 
from bunches which are naturally well exposed. Highly shaded fruit produced a greener, darker fruit 
that was prone to processing damage. It is likely that maturity and berry size may be implicated the 
effects on processing. Harvest of immature green fruit from shaded canopies is undesirable. The 
results highlight the need for trellis systems where all bunches have uniform exposure to sunlight. 

Table 3. 7. Natural shading effects (ie. exposed, medium shade and high shade) on berry weight, 
damage index, juice composition and fruit colour). Significant effects are highlighted in bold. 

Exposed Medium Shade 

Berry wt g 1.38 1.36 1.48 
Brix 20.9 19.1 18.3 
Acid 3.59 3.29 3.85 
PH 3.68 3.68 3.70 
DI 77.7 83.4 85.6 
D H!g_hg_ % 34 44 47 
DMedg 49 48 49 
DLowg 14 8 4 
L-value 31.9 30.0 27.6 
a-value 7.46 6.22 6.11 
b-value 18.0 14.7 14.2 
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Figure 3.1 PAR, temperature and relative humidity in the canopy of exposed, shaded or control 
vines during December. 
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Conclusions and summary 

The above results show that 11 03 Paulsen and shading had varying effects on berry and skin 
characteristics and fruit quality. A summary of key outcomes is presented below. 

• Compared to own roots 1103 Paulsen had 7% larger berries, higher maturity (Z3 .3 compared 
with 20.2 °Brix), acidity and pH. Paulsen fruit was lighter and more golden in colour but 
susceptible to processing damage. Compared to own roots, 1103 Paulsen berry skins had 
small but significantly higher levels of B, K and Mg and lower levels of C, Ca, Cu, Mn and 
s. 

• Artificial shading had minimal effect on berry weight, dry weight of the skin or flesh, sugar 
or mineral composition. However shaded berries had higher acidity and lower pH and 
produced lighter more golden fruit that was prone to higher processing damage. 

• Leaf removal had no significant effect on berry weight, sugar or pH but lowered acidity. In 
this experiment exposure produced darker fruit that was prone to processing damage. Leaf 
removal produced a significant increase in skin dry weight but lower N (23%), Fe and S 
contents. Flesh from exposed fruit had significantly lower N (26%), AI, Mn, P and S 
contents. 

• Under natural conditions the most shaded fruit had the largest berries, lowest sugar, highest 
pH and acid. Processing damage (measured by damage index) was highest for the shaded 
fruit and lowest for the exposed fruit. Exposed fruit produced the light, golden fruit while 
the shaded fruit produced the dark, green fruit. 

• From a commercial perspective, the results show that both excessive exposure and shade 
should be avoided in the production of light coloured sultanas with skin characteristics that 
minimise processing damage. The results highlight the need for trellis systems where all 
bunches have uniform exposure to sunlight. They also reinforce the need to carefully adjust 
the processing plant when handling the highly fragile, light coloured fruit to account for 
differences in berry size and skin characteristics. 
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Section 4. Treatment effects on sultana berry composition and skin strength: 
Responses of Sultana and Merbein Seedless on own roots or on Ramsey 
rootstock to rack and trellis drying treatments. 

Background 

Previous studies indicated that dried sultanas from Merbein Seedless were prone to processing 
damage compared to Sultana when rack dried. This was thought to be caused by its susceptibility to 
skin damage during handling, shown by excessive 'juicing' of berries. This study aimed to produce 
sultana samples for processing and analysis from Merbein Seedless and Sultana grown as own roots 
and on Ramsey rootstock. It also investigated the effect of trellis drying compared to rack drying 
on the various treatment combinations. This was considered particularly important because Merbein 
Seedless offers considerable promise as a highly productive rain tolerant variety provided 
processing problems are minimised. 

Materials and methods 

Mature Sultana and Merbein Seedless vines growing as own roots or grafted on Ramsey rootstock 
in a replicated field trial on both standard T-trellis and Shaw trellis were used. At harvest in mid ' 
February, half of the field replicates were hand harvested and the fruit rack dried. Trellis drying was 
imposed on the other replicates. Fresh berry samples were collected and the remaining fruit rack 
dried, processed and damage index assessed. Various skin and berry characteristics of the fresh and 
dried samples were determined (see general methods section). 

Results and discussion 

Compared to Sultana, fruit from Merbein Seedless had larger berries with significantly higher 
sugar, pH and titratable acidity (Table 4.1). Merbein Seedless fruit was more prone to processing 
damage. Compared to own roots, Ramsey vines produced larger berries with significantly higher 
sugar, pH and titratable acidity that were more prone to processing damage when dried. Overall 
processing damage was reduced by trellis drying. The results indicate that trellis drying offers 
potential to minimise processing damage of both Merbein Seedless fruit and from Ramsey vines. 
They also suggest that processing be streamed and the plant adjusted for different fruit types. This 
would require identification of fruit types on delivery by growers. 

Table 4.1. Main treatment effects of variety, rootstock and drying method (rack, trellis) on berry 
weight, damage index, juice composition and fruit colour. Significant effects are highlighted in 
bold. (Very few treatment interactions were significant and, for simplicity are not included). 

Variable 
Merbein 

Sultana OR Ram Rack Trellis 
Seedless 

Berry wt (g) 1.54 1.43 1.43 1.55 
Acid 3.59 3.26 3.30 3.54 
0Brix 23.1 22.1 22.0 23.2 
pH 3.87 3.74 3.75 3.87 
DI 82.7 75.0 76.4 81.4 81.3 77.3 
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Compared to Sultana, berry skin dry weight of Merbein Seedless was less (Table 4.2). This result 
indicates that Merbein Seedless had thinner skins because berry weights were larger (Table 4.1 ). 
Berry skins ofMerbein Seedless had significantly lower levels ofC, N (25%), Cu, Mg and Mn and 
higher B, Cu and K (26%). In this study, berries of Ramsey rootstock had slightly higher skin dry 
weight suggesting that skin thickness was similar to own roots. Ramsey skins had higher B (72%) 
and lower Ca, Cu, Mn, Na, P and Zn. Trellis drying had no effect on berry skin weight but 
produced some significant responses in mineral element composition, ie. higher levels of AI, Ca, 
Mg and Mn. This may reflect translocation into the berry from cane and leaf tissue during the 
drying process. 

Table. 4.2. Mineral element analysis of berry skin for the main treatment effects (ie. variety, 
rootstock and drying method). Significant effects are highlighted in bold. 

Berry skin Merbein 
composition Seedless Sultana OR Ram Rack Trellis 

Dry wt skin g 0.029 0.031 0.029 0.031 0.030 0.030 
%C 44.8 45.5 45.2 45.0 45.3 45.0 
%N 1.12 1.49 1.29 1.32 1.36 1.27 
AI ().lmole/g dwt) 1.2 1.32 1.34 1.19 1.05 1.40 
B " 18.6 17.0 13.1 22.5 18.5 17.4 
Ca " 42.8 55.7 52.9 45.6 43.4 53.2 
Cu " 0.13 0.11 0.14 0.11 0.12 0.12 
Fe " 0.68 0.68 0.69 0.67 0.63 0.71 
K " 736 586 661 661 658 664 
Mg " 16.7 19.7 18.5 17.9 17.1 18.9 
Mn " 0.27 0.37 0.34 0.31 0.28 0.35 
Na " 5.50 4.48 5.93 4.05 5.87 4.4 
p " 63.3 60.5 67.8 56.0 61.5 62.2 
s " 30.6 31.6 31.0 30.1 31.3 30.9 
Zn " 0.15 0.19 0.19 0.15 0.17 0.17 

The larger berry and higher sugar levels of Merbein Seedless berries were reflected in higher flesh 
dry weight compared to Sultana (Table 4.3). However, the flesh of Merbein Seedless berries had 
similar mineral element composition except for minor increases in B, Ca and Cu. Compared to own 
roots, Ramsey berries had higher levels of N, B and K and lower levels of Ca, Mn and Na. As 
expected, drying method had little effect on mineral composition of the berry flesh except for a 
reduction in C and an increase in AI with trellis drying. 
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Table. 4.3. Mineral element analysis of berry flesh for the main treatment effects (ie. variety, 
rootstock and drying method). Significant effects are highlighted in bold. 

Berry flesh Merbein 
Sultana OR Ram Rack Trellis 

composition Seedless 

Dry wt berry g 0.323 0.313 0.312 0.325 0.323 0.315 
%C 42.0 42.0 42.1 41.9 42.2 41.9 
%N 0.32 0.32 0.30 0.34 0.33 0.31 
AI ()lmole/g dwt) 1.18 1.28 1.27 1.18 0.99 1.38 
B " 5.76 4.87 4.10 6.53 5.53 5.17 
Ca " 14.7 13.4 15.4 12.6 13.3 14.5 
Cu " 0.08 0.07 0.08 0.07 0.07 0.08 
Fe " 0.12 0.12 0.12 0.12 0.12 0.12 
K " 218 207 205 220 213 212 
Mg " 15.86 15.18 15.55 15.49 15.18 15.75 
Mn " 0.07 0.07 0.07 0.06 0.07 0.07 

~a " 4.04 3.01 4.33 2.73 4.13 3.13 
p " 25.1 25.3 25.7 24.7 25.6 24.9 
s " 11.3 10.9 11.0 11.2 11.2 11.1 
Zn " 0.06 0.06 0.06 0.07 0.06 0.07 

Conclusions and summary 

The above results show that Merbein Seedless and Ramsey rootstock had varying effects on berry 
and skin characteristics and fruit quality. A summary of key outcomes is presented below. 

• Merbein Seedless had larger berries with thin skins and significantly higher sugar, pH and 
titratab1e acidity and when dried, higher levels of processing damage. Berry skins of 
Merbein Seedless had significantly lower levels of C, N (25%), Cu, Mg and Mn and higher 
B, Cu and K (26%). The larger berry weight and higher sugar levels of Merbein Seedless 
berries were reflected in higher flesh dry weights. Merbein Seedless flesh had similar 
mineral element composition to Sultana except for minor increases in B, Ca and Cu. 

• Ramsey vines produced larger berries with significantly higher sugar, pH and titratable 
acidity that were more prone to processing damage when dried. Ramsey skins had higher B 
(72%) and lower Ca, Cu, Mn, Na, P and Zn. Flesh of Ramsey berries had higher levels of 
N, B and K and lower levels of Ca, Mn and Na. 

• Trellis drying reduced processing damage. Trellis drying had no effect on berry skin weight 
but produced some significant responses in mineral element composition, ie. higher levels of 
Al, Ca, Mg and Mn. Overall trellis drying has potential to minimise processing damage of 
both Merbein Seedless fruit and from vines grown on Ramsey rootstock. 

• The results suggest processing of different fruit types should be streamed and the plant 
adjusted for each. This would require identification of fruit types on delivery by growers. 
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Section 5. Treatment effects on sultana berry composition and skin strength: 
Effect of crop load. 

Background 

Over the last 50 years there has been a general trend towards higher Sultana yields (ie. a 2.5 fold 
increase) associated with better irrigation management, adoption of improved clones, high vigour 
rootstocks and lighter pruning on larger trellises (Clingeleffer 1994). It had been suggested that 
higher crop loads could contribute to problems with excessive processing damage. The study 
reported here undertook to investigate the effect of crop removal on Sultana fruit quality and 
processing damage using own rooted and Ramsey grafted vines to avoid other confounding 
influences. 

Materials and methods 

Mature Sultana vines growing as own roots or grafted on Ramsey rootstock in a replicated field trial 
on standard T -trellis were used in this study in 1999. After fruit set, three treatments were applied 
by removing bunches as appropriate (ie. 0, 33% and 66% bunch removal). The own rooted vines 
were harvested on February 181

h fresh berry samples were collected and the remaining fruit rack 
dried, processed and damage index assessed. Various skin and berry characteristics of the fresh and 
dried samples were determined (see general methods section). Fruit on the higher yielding vines 
was less ripe at that time and not harvested. Rain caused significant berry splitting and drop with 
significant mould development. Although the vines were trellis dried, the Ramsey component of the 
experiment was discontinued. 

Results and discussion 

Compared to the control, both crop reduction treatments produced significantly larger berries, ie. 
23% (Table 5.1). Fruit maturity was advanced by about three weeks by both crop reduction as 
shown by the higher sugar levels (ie. 6-7 °Brix) and higher pH values. Interestingly both crop 
reduction treatments had higher titratable acidity than the control. Fruit of all the treatments dried 
to a dark colour because of the poor drying conditions in 1999. Treatment colour differences were 
not significant although there was a tendency for fruit from the crop removal treatment to be 
greener and less yellow. Crop removal had little effect on processing damage measured by the 
damage index technique. This result was not unexpected as previous studies have shown that 
brown, rain affected fruit is more robust than light coloured sultanas. 

Table. 5. 1. Effect of crop removal on berry weight, yield and juice composition, fruit colour and 
damage index of own rooted vines in season 1999. Significant treatment effects are highlighted in 
bold text. 

0% 33% 66% 

Berry wt (g) 1.28 1.57 1.57 
Brix 18.6 25.3 24.7 
PH 3.72 3.92 3.82 
Acid 3.05 2.84 3.37 
L-value 25.5 25.7 24.1 
a-value 7.32 6.07 6.52 
b-value 11.1 8.9 9.4 
DI 76.4 79.1 73.7 
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Skin dry weight was unaffected by crop removal treatment (Table 5.2) . While the content of most 
mineral elements in the skin was largely unaffected by crop removal treatments the levels of AI, Ca, 
Fe and Mn were almost halved by crop removal. It is likely that this result is due to difference in 
fruit maturity as shown in table 5.1 and that considerable decrease in skin content of these elements 
occurs with ripening. 

Table. 5. 2. Effect of crop removal on mineral element analysis of berry skin. Significant treatment 
effects are highlighted in bold text. 

Berry skin (0%) (33%) (66%) 

Drywt 0.03 0.04 0.04 
%C 44.4 45.2 44.8 
%N 1.79 1.28 1.48 
AI (J..Lmole/g dwt) 1.79 0.89 0.82 
B " 9.56 11.0 12.6 
Ca " 77.2 47.0 41.6 
Cu " 0.11 0.10 0.13 
Fe " 0.80 0.50 0.50 
K " 470 463 526 
Mg " 19.8 16.5 17.9 
Mn " 0.66 0.33 0.30 
Na " 7.26 6.36 5.42 
p " 58.3 51.4 66.4 
s " 36.7 29.6 31.1 
Zn " 0.20 0.13 0.14 

Despite the development of larger berries and higher sugar content there were no significant 
treatment differences in the dry weight of the berry flesh (Table 5.3). While the content of most 
mineral elements in the flesh was largely unaffected by crop removal treatments the levels ofN and 
Al were significantly reduced by crop removal. It is likely that this result is due to difference in fruit 
maturity (Table 5.1) and that considerable decrease in flesh content of these elements occurs with 
npenmg. 
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Table. 5.3. Effect of crop removal on mineral element analysis of berry flesh. Significant treatment 
effects are highlighted in bold text. 

Berry flesh (0%) (33%) (66%) 

Drywt 0.31 0.35 0.36 
%C 40.9 41.7 41.2 
%N 0.42 0.28 0.33 
AI (,umole/g dwt) 1.62 0.97 0.90 
B " 2.49 3.41 3.63 
Ca " 19.6 15.4 13.8 
Cu " 0.07 0.06 0.09 
Fe " 0.10 0.10 0. 12 
K " 196 196 208 
Mg " 15.47 14.43 15.94 
Mn " 0.08 0.08 0.08 
Na " 2.99 4.26 4.66 
p " 27.39 25.12 28.55 
s " 12.0 10.2 10.9 
Zn " 0.07 0.05 0.05 

Conclusions and Summary 

Because of the effects of rain, no conclusions about the effects of crop removal on fruit quality or 
processing characteristics can be made. As a consequence there is a need to repeat this study with 
high yielding vines on rootstocks under good drying conditions. However the study identified 
issues that should be addressed in experiments involving measurement of berry mineral contents. 
For most elements the composition of skin and flesh was largely unaffected by crop removal and 
potentially, the very significant confounding effects of fruit maturity. However the very significant 
reductions in AI, Ca, Fe and Mn contents in skins and N and AI content in flesh with crop removal 
treatments indicate further studies of changes in mineral composition during ripening are required 
as current knowledge in this area is very limited. Such results suggest that at the higher sugar levels 
senescence processes within the berry have commenced. These could include berry softening with 
changes in the physical properties of the skin associated with loss of cell wall integrity. The results 
also indicate that differences in fruit maturity must be accounted for in studies of berry mineral 
composition at harvest. 
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Section 6. Effect of Nitrogen application treatment and Ramsey rootstock on 
sultana colour and processing damage. 

Background 

Negative effects of rootstocks on fruit colour and processing damage have been attributed to effects 
of vine vigour, excessive shade and associated high levels of potassium and nitrogen in the fruit. 
The effects of the interactions between rootstock and nitrogen fertiliser application have not been 
studied. Hence, opportunity was taken to dry and process sultana fruit from a HAL/CRCV funded 
collaborative nutrition project, irrigation and rootstock trial located at NSW Agriculture, Dareton 
and managed by Graeme Sanderson ( NSW Agric.) and Michael Treeby (CSIRO). 

Materials and methods 

Mature Sultana vines growing as own roots or grafted on Ramsey rootstock in a replicated field trial 
on standard T -trellis were used. The study included 9 nitrogen application treatments, applied by 
drip or under-vine sprinklers at different times of the season. A total of 40 kgha-1 ofN was applied 
qver the growing season for all fertiliser treatments but at different growth stages. The nine 
treatments were:-

1. control, drip irrigated without addition of N 
2. drip irrigated, N applied over the entire season 
3. drip irrigated, N applied from budburst to flowering 
4. drip irrigated, N applied from flowering to veraison 
5. drip irrigated, N applied from veraison to harvest 
6. drip irrigated, N applied from harvest to leaf fall 
7. micro-jet irrigated, N applied at flowering, veraison and post harvest 
8. micro-jet irrigated, N applied at flowering and veraison 
9. micro-jet irrigated, N applied post harvest and leaf fall 

Data provided is for the 2001 season. At harvest in mid February the fruit was rack dried. 
Measurements included fresh berry weight, fruit colour and moisture content. After processing 
damage was assessed by both the subjective damage index method and by quantification of silver 
deposition using the technique developed in this project. 

Results and discussion 

Sultanas grown on Ramsey rootstock had larger berries t:li.an own roots (Table 6.1 ). This was 
consistent across all the nitrogen treatments as the interaction between N and rootstock treatments 
was not significant. Berry weight was unaffected by N treatments. 
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Table. 6.1. Mean berry weight of9 nitrogen I irrigation treatments applied to own rooted (OR) and 
Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth (ie. budburst BB, 
flowering F, veraison V. harvest H, post harvest PH and leaf fall LF. Significant treatment and 
interaction effects are indicated by bold type: subscripts indicate values with significant differences 
(p=O.OS). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 
0 All BB-F F-V V-H H-LF F,V,PH F,V PH,LF Mean N applic. 

OR 1.53 1.37 1.35 1.40 1.42 1.33 1.43 1.59 1.46 1.43 
Ram 1.59 1.58 1.53 1.61 1.54 1.58 1.50 1.37 1.66 1.55 

mean 1.56 1.47 1.44 1.50 1.48 1.46 1.47 1.48 1.56 

All treatments were dried under identical conditions, including finish drying on ground sheets. 
Despite these precautions, there were significant N and rootstock treatment effects in moisture 
content (Table 6.2). Fruit from Ramsey rootstock had higher moisture contents than own roots, 
possibly a response due to development oflarger berries (Table 6.1 ). Two micro-jet treatments (7 
& 9) also gave fruit with significantly higher moisture contents than the other treatments. The 
significant N x rootstock treatment interaction was due to differences in the magnitude of the 
rootstock effect, the general trend being consistent across all theN treatments. 

Table. 6.2. Mean pre-processing moisture of9 nitrogen I irrigation treatments applied to own 
rooted (OR) and Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth (ie. 
budburst BE, .flowering F, veraison V. harvest H, post harvest PH and leaffall LF. Significant 
treatment and interaction effects are indicated by bold type; subscripts indicate values with 
significant differences (p=O. 05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 
0 All BB-F F-V V-H H-LF F, V,PH F, V PH,LF Mean N applic. 

OR 11.9ab 12.h 11.5. 11.6. 12.h 11.5a 12.5bc 11.9ab 12.4bc 11.9 
Ram 12.8cd 12.6bcd 13.0cct 12.6bc 12.4bc 12.8cct 12.9cd 12.7cct 12.9cd 12.8 

mean 12.3. 12.3. 12.3. l2.la 12.3a 12.2a 12.7b 12.3. 12.7b 

Nitrogen treatments had no effect on fruit lightness (Table 6.3). However compared to own roots, 
fruit from Ramsey vines was always darker for all the N treatments as there was no significant N x 
rootstock interaction. It is possible that the higher moisture contents of the larger berried Ramsey 
fruit may have contributed to the darkening processes (Table 6.2). 
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Table. 6. 3. Lightness (L-value) of9 nitrogen I irrigation treatments applied to own rooted (OR) 
and Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth (ie. budburst BB, 
flowering F, veraison V, harvest H, post harvest PH and leaf fall LF. Significant treatment and 
interaction effects are indicated by bold type; subscripts indicate values with significant differences 
(p=0.05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip_ Drip Jet Jet Jet 

Time of 
0 All BB-F F-V V-H H-LF 

F,V, 
F,V PH,LF Mean 

N applic. PH 

OR 32.7 32.5 30.7 31.5 32.4 31.5 32. 1 32.4 32.9 32.1 
Ram 30.1 30.2 28.3 30.3 29.6 29.9 29. 1 28.7 30.6 29.6 

mean 31.4 31.3 29.5 30.9 31.0 30.7 30.6 30.5 31.7 

Overall there was no effect ofNitrogen treatments on fruit greenness (Table 6.4). Compared to own 
roots, fruit from Ramsey vines was greener (ie. lower a-value). This result applied across all N 
treatments, except treatment 7 which would have contributed to the significant N x rootstock 
interaction. The significant rootstock response can be attributed to higher vine vigour (Treeby at al. 
unpublished data). It is also interesting to note that fruit from own rooted, micro-jet treatments 
(7,8,9) was also greener than the own rooted drip irrigated treatments which can be attributed to low 
vigour (Treeby et al., unpublished data). 

Table. 6.4. Greenness (a-value) of9 nitrogen I irrigation treatments applied to own rooted (OR) 
and Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth (ie. budburst BB, 
flowering F, veraison V, harvest H, post harvest PH and leaf fall LF. Significant treatment and 
interaction effects are indicated by bold type; subscripts indicate values with significant differences 
(p=0.05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 
0 All BB-F F-V V-H H-LF 

F,V, 
F, V 

PH, 
Mean 

N applic. PH LF 

OR 4.46d 4.04cd 4.08cd 4.04cd 4.57d 4.16cd 3.28ab 3.55bc 3.5lab 3.97 
Ram 2.96. 3.6hc 3.45ab 3.3lab 3.48ab 3.34ab 3.72bc 3.36ab 3.53ab 3.42 

Mean 3.71 3.83 3.77 3.67 4.03 3.75 3.50 3.45 3.52 

Yellowness of the fruit was significantly affected by both the nitrogen and rootstock treatments but 
the N x rootstock interaction was not significant (Table 6.5). For all N treatments, fruit from own 
rooted vines was more yellow than from grafted vines. Treatment 9 (ie. micro-jet with post harvest 
and leaf fall applications ofN) produced the most golden fruit followed by treatment 1 and 4 (ie. 
drip irrigation without N or applied from flowering to veraison). Treatment 3 (ie. drip irrigated with 
N application between budburst and flowering) produced the least yellow fruit. 
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Table. 6.5. Yellowness (b-value) of9 nitrogen I irrigation treatments applied to own rooted (OR) 
and Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth (ie. budburst BB, 
flowering F, veraison V, harvest H, post harvest PH and leaf fall LF. Significant treatment and 
interaction effects are indicated by bold type; subscripts indicate values with significant differences 
(p=0.05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 0 All BB-F F-V V-H H-LF F,V, F, V PH, Mean 
N applic. PH LF 

OR 17. 1 17.0 16.0 17.0 17.0 16.4 16.4 16.8 17.4 16.8 
Ram 15. 1 14.9 13.9 15.2 14.6 14.8 14.0 14. 1 15.5 14.7 

Mean 16.h. 15.9bc 15.0. 16.1bc 15.8obo 15.6ab 15.2ab 15.5ab 16.5. 

Post processing damage index values were unaffected by nitrogen treatments (Table 6.6). Ramsey 
rootstock consistently produced lower damage index values for all treatments as the N x rootstock 
interaction was not significant. A more detailed analysis showed that there were no significant N or 
rootstock differences in the number of berries in the slight damage class (ie. mean 3.6%, data not 
shown). Ramsey rootstock had a greater proportion of berries in the medium damage class (ie. 
46.6% cf33.2%) and fewer berries in the heavy damage class (50.7% cf 63.2%) compared to own 
roots. 

Table. 6. 6. Post processing damage index values of 9 nitrogen I irrigation treatments applied to 
own rooted (OR) and Ramsey rootstock (Ram.) Sultanas, season 1991 at different stages of growth 
(ie. budburst BE, flowering F, veraison V, harvest H, post harvest PH and leaffall LF. Significant 
treatment and interaction effects are indicated by bold type; subscripts indicate values with 
s ignificant differences (p=O. 05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 0 All BB-F F-V V-H H-LF F,V, F,V PH, Mean 
N applic. PH LF 

OR 86.6 81.4 89. 1 89.3 85.4 85.4 86.5 89.6 84.6 86.4 
Ram 82.1 83.5 77.5 83.1 82.9 82.5 82.5 84.6 79.1 82.0 

Mean 84.4 82.4 83.3 86.2 84.1 83.9 84.5 87. 1 81.9 

Compared to the damage index assessment (Table 6.6), quantification of the silver residue during 
staining produced very different results for processing damage as there were no significant 
treatment and rootstock effects but a significant N x rootstock interaction. The results show that 
drip irrigated, own rooted vines had the lowest processing damage when N was applied all season 
(treatment 2) and the highest damage when N was applied from budburst to flowering or flowering 
to veraison (treatment 3,4). By contrast fruit from Ramsey vines had low processing damage with 
treatments 3 and 4. 
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Table. 6. 7. Quantification of silver residues to assess processing damage of 9 nitrogen I irrigation 
treatments applied to own rooted (OR) and Ramsey rootstock (Ram.) Sultanas, season 1991 at 
different stages of growth (ie. budburst BB, flowering F, veraison V, harvest H, post harvest PH 
and leaf fall LF. Significant treatment and interaction effects are indicated by bold type; subscripts 
indicate values with significant differences (p=0.05). 

Irrigation 1. 2. 3. 4. 5. 6. 7. 8. 9. 
Drip Drip Drip Drip Drip Drip Jet Jet Jet 

Time of 
0 All BB-F F-V V-H H-LF 

F,V, F,V PH, 
Mean N applic. PH LF 

OR 120.5abc 98.5. 137.5. 128.lbc 109.7ab 116.2abt 114.2ab 115.5abc 107.8ab 116.4 
Ram 109.7ab 116.5abc 106.5ab 108.2ab 125.0bc 109.2ab 113.3ab 125.9bc 121.8bt 115.1 

mean 115.1 107.5 122.0 11 8.1 117.4 112.7 113.8 120.7 114.8 

Correlation analyses were used to explore relationships between fruit and damage characteristics 
across treatments and replicates (Table 6.8). Because own rooted and Ramsey fruit had 
significantly different fruit characteristics (Tables 6.1- 6.5) separate correlation matrixes for each 
are included. Over all treatments (Table 6.8A), negative relationships between berry weight and L
and b- values indicate that fruit with larger berries was darker and less yellow. This effect was 
removed in the separate rootstock analysis (Table 6.8 B, C). In all analyses there was a positive 
association between berry weight and processing damage quantified by the Ag method but not when 
determined by the subjective, damage index technique. Negative relationships between moisture 
content and fruit colour measurements in the overall analysis indicate that higher moisture fruit was 
darker, greener and less yellow. These trends did not apply in the separate rootstock analysis except 
for a-value with own roots. Strong, negative correlations between moisture content and processing 
damage determined by damage index and Ag techniques in a ll analyses indicate lower damage with 
high moisture fruit. 

In the overall analysis (Table 6.8A), L-value correlated positively with damage index indicating that 
lighter fruit was more prone to processing damage. However, there was no correlation between L
value and processing damage measured by the Ag method. Linkages between L-value and damage 
index were not found in the separate rootstock analysis. However, with Ramsey rootstock (Table 
6.8C) negative relationships between L-value and Ag indicate low€r processing damage with lighter 
fruit. There were no significant correlations between a-value and measurements of processing 
damage, except with Ramsey rootstock. In that case, the positive relationship between a-value and 
Ag indicates that redder, less green fruit was more prone to processing damage. Positive 
correlations between b-value and damage index in the overall analysis and with own roots indicate 
that yellower fruit was more prone to processing damage. Similarly, b-value correlated positively 
with Ag with own roots. However with Ramsey, the reverse was found as higher b-value's were 
negatively correlated with Ag. 

In general there were strong positive correlations between measurements of processing damage, ie. 
damage index values and Ag quantification (ie. in both the overall analysis and with own roots). 
However with Ramsey rootstock, a weaker correlation between the two methods was found. 
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Table. 6. 8. Correlation matrix describing relationships between fruit and damage characteristics, 
calculated across all treatments (A. n=142), own roots (B. n=71) and Ramsey rootstock (C. n=71). 
(Note: Only significant correlations are included, P<O. 05) 

A. All treatments 
Bewt Moisture L a b DI 

Bewtg 
Moisture 
L -.164 -.239 
a -.421 
b -.183 -.396 .891 .189 
DI -.590 .313 .369 
Ag .243 -.329 .515 

B. Own roots 
Bewt Moisture L a b DI 

Bewtg 
Moisture 
L 
a -.300 
b .818 
DI -.490 .362 
Ag .263 -.510 .237 .696 

C. Ramsey 
Be wt Moisture L a b DI 

Be wt g 
Moisture 
L 
a 
b .892 
DI -.594 
Ag .256 -.234 -.413 .338 -.406 .279 

Conclusions and summary 

In general, the above results show that Ramsey rootstock, compared to own roots, had much larger 
effects on berry and skin characteristics and fruit quality than nitrogen/irrigation treatments. The 
results have a number of implications for industry and the conduct of experiments to study 
processing damage. A summary of key outcomes is presented below. 

• Compared to own roots, Ramsey rootstock produced larger berries, higher moisture contents 
but lower fruit quality with respect to colour (ie. darker, greener and less yellow). Ramsey 
fruit was more robust in processing having lower damage index than own roots. 

• N application treatments had no overall effect on berry size, L-value (lightness) or a-value 
(greenness) or processing damage. Two micro-jet treatments(7,9) had high fruit moisture. 
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Treatment 9 (ie. micro-jet with post harvest and leaf fall applications of N) produced the 
most golden fruit followed by treatments 1 and 4 (ie. drip irrigation without N or applied 
from flowering to veraison). Treatment 3 (ie. drip irrigated with N application between · 
budburst and flowering) produced the least yellow fruit. 

• Quantification of processing damage using Ag technique gave a significant N x rootstock 
interaction. Drip irrigated, own rooted vines had the lowest processing damage when N was 
applied all season (treatment 2) and the highest damage when N was applied from budburst 
to flowering or flowering to veraison (treatment 3,4). By contrast fruit from Ramsey vines 
had low processing damage with treatments 3 and 4. 

• Over all treatments larger berries had higher levels of processing damage, quantified by the 
Ag technique. Such results show the importance of accounting for differences in berry 
weight in research involving measurement of processing damage. From an industry 
perspective it identifies a need to adjust processing machinery to account for berry size and 
when. blending, to use fruit with similar berry size. 

• Strong negative correlations between moisture content and processing damage across all 
treatments (assessed by both techniques) highlight th~ need to adjust for moisture content 
differences in studies of processing damage. From a practical perspective it highlights the 
need to adjust processing equipment to account for fruit with different moisture contents and 
to blend and process fruit of similar moisture contents. For growers the results show that 
fruit should not be dried and delivered at low moisture contents. In this study the differences 
in processing damage between 11.9% and 12.8% were highly significant. 

• In general there were strong positive correlations between measurements of processing 
damage, ie. damage index values and Ag quantification (ie. in both the overall analyses and 
with own roots). However with Ramsey rootstock, a weaker correlation between the two 
methods was found. While both methods provided useful results differences between the 
techniques indicate that further research is required to fully understand the causes for 
differences between the subjective damage index assessment and Ag quantification. For 
example, damage index showed rootstock differences whereas the Ag technique produced 
significant interactions between N x rootstock treatments. 
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Section 7. Anatomical and morphological characteristics of Sultana skins 

Background 

Previous studies, and those reported in earlier sections of this report identified various treatments 
and management techniques that produced differences in processing damage. Anatomical studies of 
berry skins were undertaken to enhance our knowledge of characteristics that may be involved in 
these responses. The micrograph of berry skin provided below provides an overview of the various 
characteristics determined using light microscopy, histological staining and fluorescence 
techniques. 

wax 

cuticle 
epidermis 

hypodermis 

Figure 7.1. Cross section of key anatomical characteristics of Sultana skin determine_d by light 
microscopy. 

Materials and methods 

Samples of fresh berries from various ·.treatments reported earlier (sections 2-4) were preserved 
using cryogenic and histological techniques. Thin sections of GMA embedded berry samples 
were analysed under the fluorescent microscope. Digital measurements were made of berry skin 
components, including the wax, cuticle, epidermis and hypodermis. Differences in the 
morphology and anatomy of the berry skin were identified among the treatments. 
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Results and discussion 

Effect of Calcium and GA treatments 

Anatomical features of berry skins following treatment with calcium or GA (section 2) are shown in 
Table 7.1. The calcium treatment had no effect on berry anatomy, except for a significant decrease 
on cuticle thickness. The GA treatment decreased thickness of the wax, cuticle, the hypodermis 
and hypodermal cell width and area. As a consequence the ratios of the perimeter of hypodermal 
cells to their area and the length. to width of hypodermal cells was increased indicating development 
of narrower hypodermal cells with GA treatment. 

Table 7.1. Main treatment effects ofCa and GA bunch dipping on berry skin anatomical 
experiments (season 1999, see section 2 for more detail). Where appropriate, all units are 
presented as pixels. Comparisons in bold type are significantly different (p<0.05) . 

+Ca -Ca . +GA -GA 

Wax thickness 19.9 19.4 15.48 23.45 
Cuticle thickness 16.2 19.7 16.25 19.34 
Epidermal cell area 2880 2544 2456 2960 
Epidermal cell perimeter 253 238 221 268 
EQidermalcelllength 111.1 104.6 97.9 117.2 
Epidermal cell width 31.4 30.3 29.9 31.7 
Hypodermal cell area 12555 16461 8320 19957 
Hypodermal cell perimeter 626 666 589 696 
Hypodermal cell length 279 289 276 292 
Hypodermal cell width 52.9 65.9 37 79.1 
~idermal cell wall thickness 4.9 5.2 5.01 5.06 
HY£odermal cell wall thickness 23.4 18.3 19.6 22.2 
Hypodermis thickness 205 248 190 258 
Epidermal perimeter/area ratio 0.10 0.10 0.11 0.09 
Epidermal celllemrth/width ratio 3.49 3.42 3.18 3.71 
Hypodermal perimeter/area 0.06 0.06 0.079 0.047 
Hypodermal cell length/width ratio 5.61 5.78 7.47 4.08 

Response of Sultana on Ramsey rootstock to GA treatment in season 2000 is provided in Table 7.2 
and Figure 7.1. Compared to the control treatment, GA increased cuticle thickness; decreased 
hypodermis thickness and decreased eJ?idermal cell width, area and cell wall thickness. 

GA is reported to promote both cell di~sion and cell size, particularly cell elongation. In the two 
studies reported (Table 7.1 and 7.2) ther~ were some differences and many similarities in response 
to GA application. The main differences in anatomical characteristics between the experiments 
were the significant decrease in wax and cuticle thickness and hypodermal cell width and area and 
in 1999. Such differences could be due to seasonal conditions during berry development or the 
stage of skin cell development at the time of GA application. Although not always significant, 
consistent similarities in GA responses were the development of smaller epidermal cells (ie. area, 
perimeter, length and width), decreased epidermal cell wall thickness and overall, development of a 
narrower hypodermis. Changes in cell shape were also consistent between the two experiments, ie. 
the perimeter/area ratio of both the epidermal and hypodermal cells. These responses indicate that 
GA stimulation of cell division was more important than effects on cell size or elongation. It is 

43 



likely that changes in sultana berry skin anatomy due toGA treatment would alter skin elasticity 
and plasticity properties and contribute to higher processing damage (reported in section 2) and 
reduced splitting due to rain events (reported in section 8). 

Table 7.2. Effect of GA treatment on berry skin anatomical experiments (season 2000). Where 
appropriate, all units are presented as pixels. Comparisons in bold type are significantly different 
(p<0.05). 

+GA -GA 

Wax thickness 24.7 21.8 
Cuticle thickness 22.7 18.6 
Epidermal cell area 2018 2923 
Epidermal cell perimeter 250 263 
Epidermal length .112 116 
Epidermal cell width 22.96 31.7 
Hypodermal cell area 10203 9899 
Hypodermal cell perimeter 539 492 
Hypodermal cell length 229 215 
Hypodermal cell width 49 46.9 
Epidermal cell wall thickness 5.91 8.21 
Hypodermal cell wall thickness 19.7 17.4 
Hypodermis thickness 142 169 
Epidermal cell perimeter/area ratio 0.13 0.09 
Epidermal cell length/width ratio 4.9 3.7 
Hypodermal perimeter/area 0.08 0.07 
Hypodermal cell length/width ratio 4.7 4.3 

44 



Effect of li£ht conditions 

The anatomy of Sultana berry skins was affected by development under different light conditions 
(ie. exposed vs shaded bunches, Table 7.3, Figure 7.1). Compared to exposed berries there was a 
trend for shaded fruit to have less wax and thinner cuticles. Epidermal cells of shaded berries were 
significantly wider, had decreased cell wall thickness and a different shape, ie. lower perimeter/area 
ratio. The hypodermis of shaded berries was significantly thicker. Hypodermal cells of shaded fruit 
were significantly larger in area and had a significant increase in the length to width ratio. 

Table 7.3. Effect of bunch exposure and shading on berry skin anatomical experiments (season 
1999, see section 3 for more detail). Where appropriate, all units are presented as pixels. 
Comparisons in bold type are significantly different (p<0.05). 

Exposed Shaded 

Wax thickness 25."7 20.3 
Cuticle thickness 19.0 15.2 
Epidermal cell area 2672 3173 
Epidermal cell perimeter 283 265 
Epidermal cell length 111.4 111.4 
Epidermal cell width 29.9 36.1 
Hypodermal cell area 5839 7507 
Hypodermal cell perimeter 455 547 
Hypodermal cell length 177 249 
Hypodermal cell width 40.3 35.3 
Epidermal cell wall thickness 6.18 5.07 
Hypodermal cell wall thickness 18.27 14.93 
Hypodermis thickness 119.6 164.5 
Epidermal perimeter/area ratio 0.113 0.086 
Epidermal cell length/width ratio 3.69 3.11 
Hypodermal perimeter/area 0.086 0.085 
Hypodermal cell length/width ratio 4.55 6.86 

Comparisons of Sultana with Merbein Seedless 

A number of berry skin anatomical features of Merbein Seedless were distinctly different to Sultana 
characteristics, although differences were not always significantly different due to limited 
replication (Table 7.4, Figure 7.1). Compared to Sultana, Merbein Seedless skins tended to have 
thicker wax and cuticle layers. The shape of Merbein Seedless epidermal cells was significantly 
different to Sultana being shorter and Wider, with a lower perimeter: area and length to width ratios. 
The hypodermis of Merbein Seedless was also thicker, indicating a greater number of cell layers as 
the cell size measurements tended to be lower. The differences between Merbein Seedless and 
Sultana skin anatomical characteristics could alter skin elasticity and plasticity properties and 
contribute to higher processing damage (reported in section 4), apparent skin breakage and leakage 
during handling with rack drying and reduced splitting due to rain events. 
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Table 7.4. Comparison ofMerbein seedless and Sultana skin anatomy (season 1999, see section 4 
for more detail). Where appropriate, all units are presented as pixels. Comparisons in bold type 
are significantly different (p<0.05). 

Merbein · 
Sultana 

Seedless 

Wax thickness 21.0 17.2 
Cuticle thickness 21.4 18.0 
E_£idermal cell area 2822 2440 
Epidermal cell perimeter 237 271 
Epidermal cell length 96.3 127 
Epidermal cell width 37.1 24.4 
Hypodermal cell area 6883 10348 
Hypodermal cell perimeter 479 518 
Hypodermal cell length 207 242 
f!ypodermal cell width 38.4 47.8 
Epidermal cell wall thickness 5.69 5.48 
Hypodermal cell wall thickness 24.9 23.2 
Hypodermis thickness 317 206 
Epidermal perimeter/area ratio 0.086 0.114 
Epidermal cell length/width ratio 2.6 5.33 
Hypodermal perimeter/area 0.081 0.065 
Hypodermal length/width ratio 5.26 5.18 
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Figure 7.1. Fluorescent microscopy cross sections of Sultana skin sections, treated with GA. 
exposed or shaded and Merbein Seedless compared to Sultana. 
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Conclusions and summary 

Berry skin anatomical characteristics (ie. wax and cuticle thickness; epidermal cell size, shape and 
cell wall thickness; hypodermal thickness and hypodermal cell size, shape and cell wall thickness) 
were modified by GA treatment, berry development in exposed or shaded conditions and variety. It 
is likely that the differences in anatomy would impact on skin strength properties and hence, 
processing damage and post-rain berry splitting. In the case of processing damage it is expected 
that a less rigid, more plastic skin would have less abrasion damage. In the case of berry splitting 
two possible mechanisms could be involved, ie. development of berries with elastic skins to allow 
expansion to occur without splitting when water uptake occurs or alternatively, development of a 
more rigid skin structure to resist berry expansion and breakage. A summary of the key responses 
is provided below. 

• calcium treatment had no effect on berry anatomy, except for a significant decrease in 
cuticle thickness 

• post-set GA application at the 4-6mm berry size produced smaller epidermal cells (ie. area, 
perimeter, width and length), decreased epidermal cell wall thickness, development of a 
narrower hypodermis and changes in hypodermal cell shape (larger perimeter: area ratio of 
narrower epidermal and hypodermal cells) 

• shaded berries compared to exposed berries had less wax and thinner cuticles, wider 
epidermal cells with decreased cell wall thickness, a thicker hypodermis with larger cells 
and increased length to width ratio 

• compared to Sultana, Merbein Seedless skins tended to have thicker wax and cuticle layers, 
shorter and wider epidermal cells with a lower perimeter: area and length: width ratios and a 
thicker hypodermis with more cell layers. 
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Section 8. Effect of field treatments on rain induced berry splitting 

Background 

Rain induced splitting at, or just prior to harvest is a very significant problem for the dried fruits 
industry leading to losses in production associated with berry drop, quality losses due to fruit 
darkening and mould development, including development of ochratoxins. Such a rain event 
occurred in 1999, the first season of this study. In that season its was found that berry splitting did 
not occur with Merbein Seedless. It was also noted that Sultana fruit protected from direct water 
contact in shading experiments (reported in section 3) was less prone to the problem and had 
minimal berry splitting. No results are reported here from 1999 when observations were initiated. 
In season 2000 a study of rain induced berry splitting was incorporated into the skin strength 
project to assess responses to different field treatments. 

Material and Methods 

Prior to harvest, the percentage of split berries was assessed across all experimental treatments in 
the 2000 growing season. These included comparisons with plastic covers, application of calcium 
and GA (single application of 30ppm) and crop removal (see earlier sections for more detail). The 
covers chosen were two types of plastic covers used for many years in the Italian table grape 
industry to advance or delay ripening. The covers were placed over the canopy soon after veraison 
in early January. Italian research has shown that these covers transmit light and that photosynthesis 
is maintained (Figure 8.1 ). The covers were tria led in a commercial vineyard in two growing 
seasons (2000 and 2001) as a possible means of reducing the splitting problem. Environmental 
monitoring equipment was used to quantify microclimatic differences in the second year although 
the data is not included as there were no differences in temperature and humidity at the fruit zone. 

Covered 14% split Uncovered 31% split 

Figure 8.1. View of plastic vine covers applied in a commercial vineyard to Sultanas managed on 
Swing-arm Shaw trellis. 
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Results and Discussion 

Berry splitting in response to heavy rains caused considerable crop losses in season 2000. In the 
studies reported up to losses were up to 50% Of the berries were split prior to harvest (Figure 8.2). 
The calcium treatment had no effect on berry splitting. Significant reductions in splitting were 
achieved by the 30ppm GA treatment (ie. from 36.4% to 12.3% of berries split) most likely due to 
the changes in skin properties described in section 7. There was no significant effect of crop 
removal on berry splitting (Figure 8.2). 
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Figure 8.2. Effect of GA, calcium, fruit removal and plastic covers in season 2000, on rain 
induced berry splitting. 

The installation of plastic covers prior to harvest decreased splitting in season 2000 (ie. from 31.3% 
to 14.6% of berries split) (Figure 8.2, 8.3). While rain events in season 2001 were not considered 
of significance to the dried fruits industry, some splitting did occur in the uncovered fruit (ie. about 
7% ). The use of plastic covers reduced the level of splitting in that season to very low levels (ie. 
about 1 %). 
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Figure 8.3. Effect of plastic vine covers on berry splitting in seasons 2000 and 2001 . 

Conclusions and Summary 

The reported results have significant ramifications for industry as Sultana is still the most 
significant variety. They clearly show that the significant problem associated with berry splitting of 
Sultanas following a rain event prior to harvest can be reduced by GA treatment and by the use of 
plastic vine covers. Hence there is potential to minimise Sultana production and quality losses 
following rain caused by berry drop, fruit darkening, mould and subsequent ochratoxin 
development. Key outcomes of the studies were:-

• a single post-set application of 30ppm GA at the 4 mm berry size significantly reduced 
berry splitting in the rain affected 2000 season (ie. from 36 to 12% ). Considering the 
significant impacts of production and quality losses following rain to growers, packers and 
marketers, particularly if high ochratoxin levels are detected the single GA treatment offers 
considerable promise. However, if implemented as a routine procedure the effects on the 
overall sultana pack due to the small increases in berry size and potential for increased 
processing damage (reported in section 2) must be considered and managed by packers and 
marketers. Further research with respect to timing and strength of GA applications should 
be considered to optimise the response and minimise the post harvest effects. 

• plastic vine covers, applied after veraison significa ntly reduced berry splitting in both the 
rain affected 2000 season and in season 2001. Hence the use of covers offers considerable 
promise to minimise berry splitting of Sultana. Further research with respect to plastic 
type is required (eg. clear plastic as used in this study, opaque plastic as now used in the 
local table grape industry or woven polypropylene). Such study should include effects on 
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fruit maturation, berry splitting and darkening, rain protection of trellis dried fruit during 
drying and impacts on the base fruit colour, mould development and processing damage . 
An economic cost: benefit analysis is required before recommendations can be made to 
industry. This study must include material costs, including potential to recycle covers from 
the table grape industry, production losses due to berry drop and waste fruit removal in 
processing, quality losses due to berry darkening and effects on the base colour of the fruit 
(eg. light vs brown), risks and cost associated with mould and subsequent development of 
ochratoxins. 
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Technology Transfer 

During the life of the project, industry was presented with updates of research results through 
PowerPoint presentations, including 10 presentations at industry seminars eg., Riverlink Dried Fruit 
Research Review, presentations to ADFA board and industry grower meetings. 

Collaboration 
Collaborative links were established during the project with:-

• VUT to analyse NIR spectra of processed and unprocessed dried vine fruit samples from the 
1999 harvest. Anatomical, morphological and viticultural factors will be correlated with the 
NIR spectra to enable the rapid discrimination of fruit that may be susceptible to processing 
damage. 

• NSW Department of Agriculture and Michael Treeby (CSIRO) to access fruit samples from a 
large scale nutrition I irrigation I rootstock experiment in 2000 and 2001. 

• ADFA dried fruits testing laboratory to measure Ochratoxin A leyels from a range of 
experimental treatments in 1999 and 2000 

• University of South Australia to investigate the mechanical properties of Sultana skin from 
experimental treatments. The purpose of this endeavour is to correlate skin morphology and 
skin viscoelasticity. 

• AFISC to investigate levels of Ochratoxin A from treatments in 200012001. 
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Recommendations 

• Rain induced berry splitting at, or just prior to harvest was reduced by both a single post-set 
application of 30ppm GA at the 4 mm berry size and installation of plastic vine covers after 
veraison. Further research is required with respect to timing and strength of GA treatments 
and for covers, the plastic type, effects on fruit maturation, rain protection of trellis dried 
fruit and impacts on base fruit colour, mould development and processing damage. Cost: 
benefit analyses are required before recommendations can be made to industry. 

• The adoption of trellis drying is recommended to minimise processing damage with Merbein 
Seedless and fruit from vigorous rootstocks. 

• Adoption of trellis systems that avoid excessive exposure or shading due to negative effects 
on fruit colour and processing damage. 

• Further studies to verify the analytical Ag technique to assess processing damage across a 
wide range of fruit types. The studies should include comparisons with the current damage 
index method and relate differences to moisture uptake, friability and compaction. 

• Adoption of moisture uptake in processing as a routine method to assess processing damage 
as it is simple, readily applied under commercial conditions and could be included as an in
line measurement/adjustment using NIR. 

• Dried fruit processors give careful attention to pre-processing fruit moisture content and 
adjustment of the processing plant to account for different fruit types, particularly fragile, 
light type products to minimise processing damage and moisture uptake. This will require 
identification of fruit types on delivery by growers and potentially the introduction of other 
grading standards, eg. minimum moisture content (ie. 12.0%) and berry weight classification 
(size and uniformity). Key issues will involve blending fruit of similar berry size and 
moisture contents. 
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