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Media Summary 
 
In recent years problems in dried fruit production have highlighted the deficiencies of existing drying 
varieties, especially Sultana.  These include substantial production and quality losses associated with 
rain damage at harvest, the development of mouldy fruit and related problems with toxins, and low 
fruitfulness associated with weather conditions during fruit bud initiation in November-December. 
To address these problems CSIRO, with support of Horticulture Australia Ltd. has maintained a 
structured and targeted breeding program aimed at developing rain and disease tolerant grape varieties 
for dried fruit production which meet market requirements.   
 
As part of these studies, production and dried fruit quality have been assessed from grapevine material 
at all stages of development.  These include individual seedlings from various breeding populations, 
promising selections multiplied into larger test plots, established rootstock trials, imported varieties 
and selections established on grower properties for evaluation under commercial conditions.  Seven 
rain or disease resistant sultana types have been identified for planting on a larger scale under semi-
commercial conditions while two selections, the early ripening disease resistant currant (M48-42) and 
the rain tolerant sultana type (F 64-74) have been moved to the final stages of evaluation with larger 
plantings established on commercial sites by top-working.  Results from the Sunmuscat rootstock trial 
indicate that 1103 Paulsen should be the preferred rootstock while performance on 140 Ruggeri and 
Ramsey was adequate. 
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Technical Summary 
 
Problems in dried fruit production in recent years highlighted deficiencies of existing drying varieties, 
especially Sultana.  To address these problems CSIRO, with support of Horticulture Australia Ltd. has 
maintained a structured and targeted breeding program to address key industry issues. These include 
development of rain tolerant selections to eliminate mould development and minimise Ochratoxin A 
levels; the need for new drying varieties for consistent production of high quality dried fruit products 
to meet buyer/ consumer specifications and disease resistant drying varieties to reduce chemical use, 
enhance marketing opportunities and meet consumer demands for ‘chemical free’ products.   
 
Enhanced knowledge of the inheritance of key production and quality characteristics has been 
incorporated into development of breeding strategies.  Significant scientific contributions have been 
made to determine the causes of ‘seedlessness’, improve techniques for in-ovulo embryo rescue and in 
the development and application of laboratory based techniques for disease resistance screening.  
 
In-ovulo embryo rescue techniques are used to develop new hybrids from seedless x seedless grape 
crosses.  Since 1998, 170 seedless x seedless combinations have been tried, of which 40 were 
unsuccessful and produced no progeny.  In some cases this may be attributed to the fact that 
seedlessness can be due to pathenocarpy, where berries develop without fertilization and development 
of an embryo. Detailed investigations were undertaken with the aim to improve the efficiency of the 
embryo rescue.  They included effects of genotype; the culture medium, including supplements of 
various minerals, plant growth regulators and other organic substances; and the effect of ovule age at 
removal on ovule elongation, embryo recovery, embryo growth and plantlet formation.  As a result of 
this investigation, both the number of crosses undertaken in a season and survival rates at all stages of 
culture have increased, giving results comparable to overseas programs.   
 
Studies on the seedless character highlighted the need to understand the mechanism leading to the 
seedless phenotype in grapes in order to maximise breeding and selection strategies to develop new 
seedless varieties. Studies conducted with Carina showed that it is not only male sterile but also 
parthenocarpic and stenospermocarpic depending on the availability of viable pollen at flowering.  
Consequently, it can be used as a female parent in conjunction with in-ovulo embryo rescue techniques 
to transmit these characteristics.   
 
Development of disease resistant varieties has targeted  powdery mildew (Uncinula necator) and downy 
mildew (Plasmopara viticola).  A reliable method of using leafed single node cuttings to screen for 
downy mildew resistance has been developed and was used to study resistance in breeding lines. 
Depending on family, segregation of resistant to susceptible phenotypes fitted 1:15, 1:3 or 1:1 ratios.  
Similarly, screening for powdery mildew resistance using a protocol based on leaf disc assays and 
rooted single node cuttings showed segregation of resistant to susceptible phenotypes fitted 1:3 or 1:15 
ratios.  The information on disease resistance is used in the development of breeding strategies to 
develop new disease resistant dried grape varieties. 
 
Productivity and dried fruit quality was assessed for grapevine material at all stages of development 
(ie. seedlings in breeding populations, multiplied selections, established trials eg. the Sunmuscat and 
Bruce’s Sport rootstock trials), and imported varieties and selections were established in larger 
commercial sites (ie. Shirana and M48-042).  A number of seedling selections have been identified for 
larger scale evaluation in multiplied plots, including grafting on rootstocks and top-working on 
existing vines to facilitate more rapid evaluation.  Seven rain or disease resistant sultana types have 
been established in a larger scale, semi-commercial grower site.  The early ripening disease resistant 
currant (M48-42) and the rain tolerant sultana type (F 64-74) have been moved to the final stages of 
evaluation with larger plantings established on commercial sites.  Results from the Sunmuscat 
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rootstock trial showed that 1103 Paulsen produced the highest yields followed by 140 Ruggeri and 
Ramsey.     
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Introduction 
 
Problems in dried fruit production highlight the deficiencies of existing drying varieties, especially 
Sultana.  These include substantial production and quality losses associated with rain damage at 
harvest, the development of mouldy fruit and related problems with toxins, and low fruitfulness 
associated with weather conditions during fruit bud initiation in November-December. 
 
CSIRO Plant Industry maintains a vine improvement program to provide the viticultural industries 
with material suited to Australian conditions and industry needs.  As part of this program new seedless 
drying varieties have been developed by hybridisation or have been imported and maintained in the 
CSIRO germplasm collection.  Varieties released for dried fruit production from the breeding program 
include Carina (1975), Merbein Seedless (1981), Marroo Seedless (1988) and Sunmuscat (1997).  
Previous studies evaluated the range of seedless varieties in the germplasm collection (Newman and 
Clingeleffer 1987) and identified some large berried types as potential alternatives to seedless raisin 
varieties or specialty lines.  The best of the large berried types were included in CSH17 (‘Integration 
of alternative drying varieties with low input, production systems of management’).  DFRDC provided 
on going support in 1992-1998 for trial establishment and evaluation of small and large berried sultana 
types, new currant types, specialty lines, new raisin selections (included from DAV76 project) and 
disease resistant or breeding lines from in-ovulo embryo rescue (CSH24 and 54).  
 
In the 1998-2001 triennium the DFRDC project (CSH 60D, ‘Evaluation of new seedless drying 
grapes, selected for disease resistance and market requirements’) completed the evaluation of larger, 
semi-commercial plantings of currants (including muscat types), large berried selections and new 
seedless raisin types.  Larger plantings of seedless selections from disease resistant and in-ovulo 
embryo breeding lines, recent imports (Black Emerald, C88-89) and low browning transgenic Sultanas 
were initiated.  The evaluation of Sunmuscat grafted on a range of rootstocks also commenced. The 
import of two new USDA varieties, ie. the early ripening DoVine and Summer Muscat was facilitated 
through quarantine.  Two new initiatives were implemented in the project with the aim to enable 
smarter approaches to breeding new drying varieties.  These were the evaluation of disease resistant 
breeding lines using laboratory based and non-sprayed field assays and the conduct of inheritance 
studies with selected populations of CSIRO breeding lines for important dried fruit quality 
characteristics, ie. seedlessness, yield, berry size and colour, sugar level, etc.  
 
To ensure that the dried fruit breeding strategies are consistent with industry requirements, CSIRO has 
maintained close consultation with industry.  Key forums were held in June 1992 and September 1997 
with researchers and representatives from all industry sectors, i.e. production, processing and 
marketing sectors.  These forums identified the limitations of existing varieties and set specifications 
for desirable characteristics for sultana types, currant types, raisins and other types suited to high value 
products and niche marketing.  A ‘Unique Dried Grape Varieties Steering Committee’ has been 
formed to ensure that the CSIRO program is consistent with industry needs, to identify selections with 
most potential and to facilitate their commercial adoption.  Members of this committee include 
representatives from all industry sectors, HA Ltd and researchers. 
 
A sub-committee was formed to specifically deal with the final evaluation and commercialisation of 
the CSIRO selection S67 (now Shirana) with PBR protection, which at the time of project 
commencement was being grown by 4 growers.  S67 is a small-berried sultana type that produces a 
uniform amber dried product.  It has proved to be very rain tolerant and has given consistent 
production.   
   
The Riverlink/DFRDC workshop (Breeding and Selection Strategy for the Dried Grape Industry) held 
in September 1997 recognised the need to implement a procedure for testing the disease 
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resistance/tolerance of selections and breeding lines to the major fungal diseases, i.e. powdery and 
downy mildew.  The workshop also recognised that breeding strategies could be improved if 
inheritance of the key production and quality characteristics was understood.  Knowledge of the 
genetic control of important characteristics obtained from inheritance studies has provided immense 
benefit in breeding field crops, annual and perennial horticulture crops (eg. inheritance of seedlessness 
in citrus and disease resistance and fruit quality traits such as sugar level in melons).  The workshop 
outcomes and the strategy developed formed the basis for developing the previous 1998-2001 project 
and formed the foundation for determining key objectives for this project. 
 
Initially, the disease resistance testing has concentrated on powdery mildew assessment.  Laboratory 
and glasshouse screening of advanced selections with potential for disease resistance has shown that 
13 out of 15 selections with drying potential were tolerant of powdery mildew.  Laboratory based 
screening of 2 seedling populations commenced in spring 2000.  Preliminary results suggest that 
powdery mildew resistance mechanisms are under polygenic control.  With respect to inheritance of 
key dried fruit characteristics, analysis of data from more than 5000 seedlings with a diverse range of 
parents was undertaken. The results indicate that berry weight is strongly inherited while seedlessness, 
sugar level and acidity have moderate levels of inheritance. Bunch weight, vigour and yield had low 
levels of inheritance.      
 
Key trials established previously which were assessed for yield and quality in this project included:- 
 
• larger plantings of seedless selections with high potential derived from disease resistant and in-

ovulo embryo breeding lines (40 selections on Shaw and T-trellis) 
• Bruces Sport (tissue-cultured to eliminate leaf roll virus) on own roots and Ramsey 
• potentially low browning transgenic Sultanas with down-regulated PPO activity   
• plantings of  the USDA selections, Black Emerald and C88-89 (a muscat seedless) 
• a non-sprayed site with disease resistant selections to test field tolerance/ resistance  by 

observation of leaves and fruit.  Black spot, downy mildew and powdery mildew occurred in this 
site in spring, 2000  

• a rootstock trial with Sunmuscat on the property of Mr. A. Martin at Merbein which produced its 
first crop in 1999 

  
New plantings identified for establishment in this project will include:- 
 
• plantings of DoVine and Summer Muscat on completion of their release from quarantine 
• larger commercial plantings of the most promising early ripening and disease tolerant lines as the 

final step to commercialisation, selected with input from the steering committee   
• replicated trials of selections identified for commercialisation for Plant Breeders Rights (PBR) 

purposes 
• extension of the non-sprayed site with promising disease resistant selections identified from 

seedling populations as part of the laboratory based testing and inheritance studies. 
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Materials and Methods 
 
 
Drying and fruit quality assessments 
Routine assessments of the range of material available to this project included:- 
 
• pre-harvest sampling for berry weight, sugar, acid and pH determination. 
• measurement of yield, and if appropriate bunch number  
• drying as naturals and/or after treatment with drying emulsion on racks, by trellis drying or 

dehydration. 
• processing in the small-scale, CSIRO packing plant. 
• product evaluation, including colour and its uniformity, moisture, berry size, flavour etc., 

processing and storage characteristics. Samples of the best selections were submitted to the  
‘Unique Dried Grape Varieties Steering Committee’ and where appropriate to processors and 
marketers for preliminary market testing.       

 
Trial sites from which fruit was evaluated 
 
• larger plantings of most promising selections established in the previous project, CSH60, (2nd stage) 

including seedless selections from disease resistant and in-ovulo embryo breeding lines. These sites 
include management on Shaw swing-arm trellis to assess mechanisation potential of selections. 

• seedless single vine selections from early ripening and disease resistant lines and consolidated 
plantings of in-ovulo embryo plantings  

• Sunmuscat rootstock trial established on the property of Mr. A. Martin which produced some fruit in 
1999 and a substantial crop in season 2000 (Clingeleffer 2000).  The trial included a range of 
rootstocks aiming to reduce the partial incompatibility found with Ramsey in the previous project 
(CSH 54).  

• Bruce’s Sport (tissue-cultured to eliminate leaf roll virus) rootstock/trellis trial which produced the 
first crop in 2001.  Bruce’s Sport is being assessed because of its low browning potential. The 
original material was severely affected by leaf roll viruses. 

• low browning transgenic Sultanas with down-regulated PPO activity.  The first bunches from some 
plants were harvested and dried in season 2000/2001.  

• plantings of recent imports established in spring 2000 (ie. Black Emerald and C88-89) 
• disease resistant selections planted at the CSIRO Koorlong site that are not sprayed with fungicides.  

Field tolerance/ resistance of these selections to the major fungal pathogens will be assessed by 
observation of leaves and fruit. 

• commercial grower plantings of S67 (Shirana), including establishment on various trellises and 
rootstocks. 

 
Establishment of new trial sites 
 
• plantings of DoVine and Summer Muscat, and potentially, Diamond Muscat and Princess 

(previously called Melissa) from the USDA upon release from quarantine. 
• second stage evaluation plantings (8 vine plots) of the most promising selections identified among 

current seedling populations     
• larger commercial grower plantings of the most promising early ripening and disease tolerant lines 

as the final step to commercialisation.        
• replicated trials of selections identified for commercialisation to enable data collection for Plant 

Breeders Rights (PBR) purposes. 
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Inheritance studies  
 
Data collected in the previous project (CSH60) for important dried fruit quality characteristics, eg. 
seedlessness, yield, berry size and colour, maturity time and sugar level across all seedling progeny of 
selected populations, were augmented by assessment of new populations planted in recent years.  A 
key focus will be to complete the inheritance studies for disease resistance using laboratory based 
assays for powdery mildew and downy mildew.  

 
 Laboratory based screening techniques for disease resistance 
 

Protocols for laboratory techniques to screen selections for resistance to powdery mildew were 
developed, with input from Dr. I. Dry at the Adelaide laboratory, in the previous project (CSH60). The 
technique was compared to glasshouse screening results for the most promising disease resistant 
selections and was applied across seedling populations as part of the inheritance of disease resistance 
studies. A laboratory-based assay that used leaves sampled from the field was used to assess downy 
mildew resistance of advanced selections and breeding lines. 
 
Further breeding  
 
Breeding strategies to meet industry requirements have been implemented by CSIRO based on 
enhanced knowledge of the inheritance of key dried fruit quality characteristics and disease resistance 
using in-ovulo embryo rescue techniques for seedless x seedless crosses.   
 
Milestones established at commencement of the project 
 
• evaluation of CSIRO disease resistant advanced selections for both dried fruit quality and 

disease resistance using laboratory-based and non-sprayed field assays will be completed by 
September 2002   

• inheritance studies of disease resistance and dried fruit quality characteristics with selected 
populations of CSIRO breeding lines will completed by June 2004  

• breeding strategies, based on enhanced knowledge of the inheritance of key quality 
characteristics and disease resistance using in-ovulo embryo rescue techniques for seedless 
x seedless crosses will be implemented at flowering each season   

• evaluation of plantings established in the previous project will be completed each season by 
June 30th, ie. selections from disease resistant, in-ovulo embryo breeding lines and  imports 
(eg. Black Emerald, C88-89) 

• evaluation of low browning transgenic Sultanas will be completed each season by June 30th 
• plantings will be established of DoVine (spring 2001) and Summer Muscat (spring 2002) 

for evaluation as drying grapes once release from quarantine is completed   
• evaluation of the newly established rootstock trial with tissue-cultured Bruces Sport will 

commence in season 2001and recommendations will be finalised by June 30th, 2004.  
• evaluation of the Sunmuscat rootstock trial trained to Shaw Swing-arm trellis on a grower 

property will be undertaken each season and recommendations finalised by June 30th, 2004.  
• larger commercial plantings of the most promising early ripening and disease tolerant lines 

as the final step to commercialisation will be developed based on annual recommendations 
of the ‘unique dried grape steering committee’       

• Plant Breeders Rights (PBR) for S67 will be completed by September 2002 
• continuing and annual progress reports will be completed each year by  December 15 and 

July 30, respectively 
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Results 
 
  
Section 1. Investigations of Disease Resistance  
 
 A long-term objective of the dried grape breeding program is the development of disease resistant 
varieties with the aim to minimise the use of agri-chemicals and hence, lower production costs, reduce 
environmental impacts and meet consumer demands for chemical-free products.  The main diseases 
targeted are powdery mildew (Uncinula necator) and downy mildew (Plasmopara viticola), which 
originate from the American continent.  A diverse range of disease resistant genotypes have been and are 
being used as parents.  In some cases, crosses over a number of generations have produced complex 
pedigrees in the breeding lines.  Parents used have included V. rotundifolia, V. cinerea, V. caribaea, V. 
longii, V. aestivalis and V. labrusca as well as hybrids with pedigrees incorporating many species.  
Progeny from ‘disease resistant’ crosses bred involving use of these complex species hybrids as 
parents have been developed and assessed for tolerance of key fungal diseases under controlled 
laboratory conditions. The information on disease resistance is used in the development of breeding 
strategies to develop new disease resistant dried grape varieties.   

Downy mildew    

A method involving use of leafed single node cuttings to screen for downy mildew resistance has been 
developed.  This quantifies the intensity of leaf chlorosis and sporulation, and records the necrotic 
response of infected leaves under laboratory conditions (Liu et al. 2003b).  In optimising this 
technique, effects of leaf maturity and sporangia suspension concentrations on infection and symptom 
expression were examined.  The improved reliability of the method relative to a leaf disc method was 
demonstrated by assaying a range of commercial varieties and a number of hybrids from CSIRO’s 
breeding program. 
 
Resistance to downy mildew between and within seven full-sib grapevine families was investigated 
under controlled culture conditions. The families were generated by crossing resistant x susceptible 
and susceptible x susceptible genotypes. Family size ranged between 19 and 89 vines, which were 
aged 9-to-10 years-old.  
 
Leaf infection following downy mildew inoculation was assessed using the cultured leafed single node 
cuttings method (Liu et. al. 2003b).  The severity of disease infection 7 days after inoculation was 
based on ranking leaf chlorosis and sporulation using a 1-to-9 scale where 1 represented no visible sign 
of infection and 9 where > 80% of the leaf was infected.  A measure of the hypersensitive response 
(HR) was also used to rank vine reaction to inoculation. Hybrids rated as ≤ 3 in the severity ratings 
were classified as downy mildew resistant.  The proportion of vines within families scored as resistant 
and hence no leaf chlorosis ranged from 4.6% to 22.5% and for sporulation from 4.6% to 47.4%. There 
was a strong relationship between leaf chlorosis and sporulation expression within each cross. 
 
Depending on family, segregation of resistant to susceptible phenotypes fitted 1:15, 1:3 or 1:1 ratios. 
In families where the hypersensitive reaction was observed, segregation for resistant to susceptible 
phenotypes fitted 1:1 or 1:3 ratios. Where vines within families displayed the hypersensitive reaction, 
lower mean ratings for leaf chlorosis and sporulation were observed. These results are being prepared 
for publication. 
  
Powdery mildew  
 
Five hybrid families were screened for powdery mildew resistance using a laboratory based protocol 
based on leaf disc assays and rooted single node cuttings.  The same vines were also screened for 
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disease incidence/infection in an unsprayed vineyard using an established field based scoring method. 
The families were generated by crossing susceptible x susceptible genotypes and family size ranged 
between 19 and 81 vines.  The severity of disease infection was based on the rate of the coverage of 
mycelium and sporulation (10 to 12 days after inoculation for laboratory tests) using a 1-to-9 scale 
where 1 represented no visible sign of infection and 9 where > 80% of the leaf surface or disc was 
infected.   
 
Within families, the percentage of hybrids having a disease severity score ≤ 3.0 ranged from 0% to 
25%. Individual hybrids within families were grouped as either resistant (disease severity rating ≤ 3.0) 
or susceptible (disease severity rating > 3.0).  Segregation of hybrids based on this grouping scheme 
fitted either a 1 i.e. resistant (R) to 3 i.e. susceptible (S) or a 1R:15S ratio within families. As for the 
downy mildew results, these data are being prepared for publication and will be used in developing 
future breeding strategies.   
 
 
Conclusion 
 
The disease screening results show that development of varieties, which are tolerant or resistant to both 
powdery and downy mildew is achievable.  Among current hybrid populations screened so far there 
are no lines completely resistant to powdery mildew but some that have complete resistance to downy 
mildew.  While resistance to both mildews appears to be governed by 4 genes (unpublished data), 
correlations between powdery and downy mildew resistance were weak. 
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Section 2. Breeding strategies and in-ovulo embryo rescue 
Outputs from studies to understand the inheritance of key dried fruit characters were reported in the 
previous report (CSH 60D). This information has been used in the development of breeding strategies 
for dried fruit types taking into account characteristics, which meet grower, processing and marketing 
requirements and are documented in specification manuals determined for the range of dried fruit 
product types.  Significant contributions to improvements in in-ovulo embryo rescue techniques and to 
our understanding of ‘seedlessness’ in Carina currant and how this knowledge may be applied in 
development of breeding strategies have been made in this project.  While the emphasis has been 
placed on in-ovulo embryo rescue with crosses between seedless types, conventional approaches using 
one seeded parent have also been incorporated in the strategies.    

 
Improvements in embryo rescue 

Breeding strategies for development of new drying varieties have been integrated with similar 
approaches for the development of seedless table grapes.  In order to improve the efficiency of 
breeding seedless varieties, in-ovulo embryo rescue techniques are used to develop new hybrids from 
seedless x seedless grape crosses (Clingeleffer et. al. 2003).  Under in-vitro conditions (ie. in tissue 
culture), embryos which would normally abort, continue to develop and can be established as normal 
plants in the research vineyard.  Since 1998, 170 seedless x seedless combinations have been tried, of 
which 40 were unsuccessful and produced no progeny.  In some cases this may be attributed to the fact 
that seedlessness can be due to pathenocarpy, where berry development occurs without fertilization 
and development of an embryo. 
 
Over the past 4 years, detailed investigations have been undertaken with the aim to improve the 
efficiency of the embryo rescue technique using the germplasm base at Merbein.  These studies 
reported in detail by Liu et al. (2003) have included effects of specific genotypes (ie. the parents 
selected); the culture medium, including supplements of various minerals, plant growth regulators and 
other organic substances; and the effect of ovule age at removal on ovule elongation, embryo recovery, 
embryo growth and plantlet formation.  As a result of this investigation, both the number of crosses 
undertaken in a season and survival rates at all stages of culture (ie. ovule culture, embryo rescue and 
plant acclimatisation) have increased, giving results comparable to overseas programs.  For example in 
season 2002/2003, 89 seedless x seedless crosses were carried out in the field.  From the berries that 
developed, 13,400 ovules were cultured and 3200 embryos were dissected out (ie. a recovery rate of 
24%) of which 3125 have survived (ie. a 97% embryo survival rate).  About 1400 plants have been 
established from the recovered embryos with an expected conversion rate of greater than 50% once 
propagation is completed. It should be noted that none of the progeny from recent embryo rescue 
produced a crop during this project. 
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Conventional breeding and embryo rescue methodology include: 
Emasculation of bunch primordia in the field          

  
 
Bagging bunches to exclude pollen other than desired parent pollen    
  

Pollination of emasculated 
bunches   

 
 
 
 
 
 
 
 
Berry collection at veraison (berry softening) and removal of embryos   

   Then invitro plant growth                      
      

Planted seedlings in glasshouse  
and shadehouse. 
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Studies of ‘Seedlessness’ in Carina 
 
Enhanced understanding of factors contributing to seedless grape types is essential in developing 
breeding strategies for this character, particularly those based on in-ovulo embryo rescue from seedless 
x seedless crosses.  Generally, berry set in hermaphrodite grape varieties is the result of ovule 
fertilization.  However with seedless varieties, a number of mechanisms may be involved.  
Parthenocarpic varieties, such as Black Corinth, produce seedless berries following pollination, which 
stimulates fruit set, but without ovule fertilization.  Stenospermocarpic types set seedless berries after 
ovule fertilisation, but ovules remain soft and fail to develop for reasons such as embryo abortion, 
early degradation of the nucellus in the embryo sac and inherent ovule abnormalities (Liu et al., 
submitted)   

Consequently a study was conducted to investigate pollen viability, berry set and seed status of Carina.  
It included assessing effects of self- and cross-pollination on in-ovulo embryo rescue and relationships 
between berry size and ovule development (Liu et al., submitted).  Carina currant is a significant dried 
grape variety grown in Australia.  Its yield and fruit quality, however, are restricted by pollination and 
can be improved by judicious use of hormone-based setting sprays.  It produces abundant seedless 
berries, but berry size is small when unpollinated, and even when pollen is available berry size can be 
variable.  Release of the calyptra, the term for the fused corolla shed at blooming in vines at anthesis is 
poor for Carina, especially during wet seasons.   It was unclear whether Carina is parthenocarpic, 
stenospermocarpic or both, and also if it is male fertile and its pollen self-functional.  Pollen fertility in 
Carina had not been documented and thus its value as a male parent for breeding seedless varieties was 
unknown.  
 
Results   
Carina pollen failed to germinate in-vitro and gave poor berry set when used to pollinate Hunisa and 
Kishmishi.  Percentage berry set in Carina was unaffected by pollination treatments, but cross-
pollination increased berry size (Table 2.1).  Larger seed traces (>1.2 mm in length) were present in 
most cross-pollinated Carina berries and their size and number were correlated positively with berry 
size. 

 
Table 2.1.  Effect of self-, cross- and open-pollination on the percentages of large (L), medium (M) 
and small (S) berries in Carina inflorescences (adapted from Lui et al.)  
 Total  Berry diameter (mm)A (%) 
 No ≥ 11.0 (L) ≥ 8.0<11.0 (M) < 8.0 (S) 
Carina (Self-) 736 0.8 20.7 78.5 
Carina (Open-) 381 18.1 19.2 62.7 
     
Carina x Chambourcin 392 33.7 31.9 34.4 
Carina x Merbein Seedless 385 53.8 39.7 6.5 
Carina x Marroo Seedless 368 56.0 29.8 6.5 
Carina x M23-80 288 36.8 49.3 13.9 
Carina x Sunmuscat 474 50.6 36.3 13.1 
 
 
In-ovulo embryo recovery rates ranged from 19.7% to 49.0% and 6.8% to 13.6% for cross-pollinated 
combinations of Carina when ovules were cultured at 50 and 75 days after pollination, respectively.  In 
contrast, embryo recovery was zero from self-pollinated ovules (Table 2.2). 
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Table 2.2  Effects of self- and cross-pollination and subsequent maturity of removed berries on mean 
in-ovulo embryo recovery rates for Carina current (adapted from Lui at al.).  Means within each 
column followed by different letters are significantly different at P=0.05. 
 in-ovulo embryo recovery rate (%) 
 50 DAP 75 DAP 
Self-pollinated 0.5 d 0.0 b 
Cross-pollinated:   

Carina x Chambourcin 49.0 a 6.8 a 
Carina x Merbein Seedless 28.2 bc 12.6 a 
Carina x Marroo Seedless 23.7 bc 13.6 a 
Carina x M23-80 29.1 b 10.0 a 
Carina x Sunmuscat 19.7 c 8.5 a 

l.s.d. (P=0.05) 9.0 8.9 
 
The results indicated that Carina is male sterile and capable of setting seedless fruits through either 
parthenocarpy and/or stenospermocarpy.  The contrasting outcomes for in-ovulo embryo rescue from 
self- and cross-pollinated berries demonstrated that Carina is female fertile, and that embryo 
production relies on ovules being fertilised.  In this respect, Carina is profoundly different from the 
stimulative parthenocarpic variety, Black Corinth, which has non-functional ovules.  However, unlike 
most male sterile grape varieties where normal seed development occurs after cross pollination, 
fertilised ovules of Carina enlarged only to a small degree and remained soft.  These embryos could be 
recovered in-vitro, but recovery rates decreased from ovules excised and cultured from berries 
harvested at or after veraison, by which stage berries appear seedless when eaten due to aborted seeds 
or soft seed traces.  This suggested that a large proportion of embryos aborted in fertilised ovules as 
berries matured, indicating seedlessness in cross-pollinated Carina berries is similar to other 
stenospermocarpic grape varieties.  The results of this investigation therefore indicated that the 
seedless phenotype of Carina, whereby a seed is absent or soft seed trace is present but undetectable, 
can be due to parthenocarpy or stenospermocarpy.  

 
Cross-pollination of Carina gave an increased proportion of larger-sized berries.  Larger berries 
contained large seed traces, which had greater potential for embryo rescue in-vitro, suggesting they 
were more likely derived from fertilised ovules.  In other words, there was a link between berry 
enlargement, ovule fertilisation and development.  Such a causal relationship was further confirmed by 
the positive correlation among berry size and ovule characteristics.   

 
Conclusion 

In conclusion, our results indicate Carina is not only male sterile but also parthenocarpic and 
stenospermocarpic, the expression of which depends on the availability of viable pollen at flowering.  
As such it has great potential for breeding new seedless grape varieties.  It can be used as a female 
parent in conjunction with in-ovulo embryo rescue techniques to transmit these characteristics.  
Autonomic parthenocarpy coupled with pollen sterility should result in seedless berries if no other 
viable pollen is available at flowering.  Embryo abortion associated with stenospermocarpy will yield 
berries with soft seed traces that for consumers mean seedless grapes.  This highlights the need to 
understand the mechanism leading to the seedless phenotype in grapes in order to maximise breeding 
and selection strategies to develop new seedless varieties.  

 
The results also showed that ovule fertilisation has a positive effect on berry growth in Carina.  This 
suggests that opportunities for cross-pollination in the vineyard, for example by intercropping with 
alternate rows of hermaphrodite varieties with the same bloom period, in conjunction with a 
gibberellic acid setting spray to free calyptras may improve productivity and berry uniformity of 
Carina. 
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Section 3. Evaluation of single vines, multiplied selections and imported varieties 
 

Single vine seedlings 
 
Each season fruit samples were collected, dried, processed and evaluated from about 70-80 seedling 
progeny.  From the mature seedling population, 6 have been identified as having desirable fruit 
characteristics and selected for multiplication for further evaluation (4 muscat types and 2 sultana 
types).  Cuttings from these vines have been collected with planting, grafting and top-working to occur 
in 2004 and 2005. It should be noted that only limited amounts of bud wood was available from a 
single vine, particularly after a hail event in December 2003.  Own rooted vines will be planted into 8- 
vine plots for evaluation of their fruiting characteristics and as a future source of material.   
 

  
Figure 3.1. Example of a single vine developed by in-ovulo embryo rescue which has seedless berries, 
develops a distinct muscat character and has been identified for further evaluation. 
 
Multiplied seedlings 
 
Multiplied seedling selections were planted at CSIRO Koorlong in 1999.  Forty selections were 
planted on own roots in 4 vine plots on both T-trellis and swing-arm trellis (Table 3.1).  The forty 
selections include 23 disease resistant/tolerant types of which 3 are muscat types, 5 sultana types and 
15 small berried types; in addition, 11 sultana types and 6 muscat types with unknown disease 
tolerance were planted. Vine establishment has been slow for some selections while others produced 
some crop in 2001 and 2002.  Promising types will be grafted or top-worked to rootstocks to improve 
vine performance, particularly on the swing-arm trellis.  Some of the plantings have been removed and 
rootstocks planted for grafting in 2004/05. A site visit by the steering committee in February 2003 
endorsed the establishment of the most promising types on rootstocks.  It should also be noted that bird 
invasions prior to ripening of early ripening selections has led to major losses of fruit of some 
selections. Netting is now being employed to reduce this problem. 
 
Table 3.1.  Characteristics of the 40 selections from disease resistant crosses and earlier in-ovulo 
embryo rescue studies 

Types Sub type Known rain 
tolerance  

Early ripening 

23 disease tolerant 
/resistant selections 

3 muscat 1 1 

 5 sultana 2 1 
 15 small 1 9 (4 very early) 
11 Sultana types 11 sultana - - 
6 Muscat types 6 muscat - - 
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Yields have been variable as expected for such a diverse range of genotypes and differences in 
establishment.  In 2002 yields of up to 20.2 kg per vine were recorded for first crop (table 3.2.). In 
2003 heavy rainfall meant much of the planting was not harvested due to berry drop, with only early 
bearing and rain tolerant selections harvested.  In 2004 the crop load was higher for the more 
established vines although some selections had not produced a crop. In season 2004, berry size of the 
different selections ranged from 0.3g – 3.20g (4.28g with GA) with yields of up to 37.0 kg per vine.  
One selection has also been identified as having potential as a seedless table grape. In 2004 fresh fruit 
size varied with 16 selections producing fruit equal to or larger than Sultana (1.3g) and 14 selections 
producing fruit smaller than Sultana.  The diverse range in values for juice composition variables 
indicate that careful monitoring of each selection will be required to optimise the time of harvest (table 
3.2.).   
 
Table 3.2.  Harvest data for multiplied selections from disease resistant crosses and earlier in-ovulo 
embryo rescue studies  

Year Harvest Date Yield 
(kg/vine) 

Berry 
Weight (g) 

oBrix pH Acid 

    
2002  5 – 15 Feb-02  0.2 - 20.2 0.43 - 2.83 20.4 – 30.3 3.39- 4.65 2.79 - 7.27
       
2004 3 – 8 Apr-04 0.5 - 37.5  0.32 - 3.20 19.6 - 28.1 3.46 - 4.37 2.62 - 5.2 
       
 
Multiplied Selections in semi-commercial planting 
 
Currant type 
The early ripening disease resistant currant type, M48-42 has been established on a growers property 
with 20 vines of each of 4 rootstocks and own roots.  The planting produced a small crop in January 
2004.  The Unique Dried Grape steering committee has recommended this vine be assessed further in a 
commercial situation after seeing the first crop samples.  Hence 1100 vines of Zante currant on 
Ramsey have been top-worked in December 2004.  There has also been interest in this selection from 
Western Australia where currants are the main variety grown and dried. Arrangements, with the 
Western Australian Department of Agriculture have been put in place to move the selection through 
quarantine and establish a source planting in 2005. 
 

 
Figure 3.2. M48-42 first crop on 1103P rootstock. 
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Sultana types 
 
Multiplied selections, have been identified with input from the Unique Dried Grape Steering 
committee for larger scale evaluation under commercial conditions on rootstocks (Ramsey and 1103 
Paulsen) and management on modern, tall trellis systems suited to trellis drying. Emphasis has been 
placed on rain tolerant Sultana alternatives. The selections include the Sultana types, F64-74, M28-
113, F18-149, CG1481 and a named variety, Canner Seedless (see below for detail).  Promising early 
ripening, disease resistant types with small berries, M50-02 and M47-58 have also been included.  
Rootstocks for establishment of the site were propagated and planted in January 2004 and grafted in 
December 2004 on a commercial growers site.  Furthermore the steering committee endorsed a 
recommendation to fast track commercial assessment of the rain tolerant selection, F64-74, which 
produced an excellent light golden product when harvested after the rain in 2003.  Arrangements have 
been put in place to establish a commercial, (up to) 300 vine planting of F64-74 by top-working 
established rootstocks on a growers property under modern management practices. 
 
Details on the vines to be included in the commercial site include:- 
 

• F64-74, a USDA selection from Fresno which produces a slightly larger berry than Sultana and 
light amber fruit. Although it matures slightly later maturity than Sultana, it has consistently 
produced golden coloured dried fruit after exposure to rain in several seasons.  Confirmation of 
its productivity under modern management practices is required, as so far it has only been 
assessed in the germplasm collection. 

  

    
Figure 3.3.  F64-74 dried fruit after rain 2003 and vine in field. 
 
 
 
 

• M28-113 produces a slightly smaller berry than Sultana.  This selection produces tight, but rain 
tolerant bunches with green-tinged dried berries but consistently has very high yields. 

 
• F18-149, another USDA selection from Fresno, produces a large berried full-bodied fruit with 

demonstrated rain tolerance.  Yield on own roots are on a par with Sultana. 
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• CG1481 has a larger elongated berry than Sultana, which produces a distinctive light coloured 
dried fruit.  

 

    
Figure 3.3.  Fruit from CG1481 and vine in the field.  
 
 
 

• Canner Seedless, an old deliberately bred variety from the University of California produces a 
larger sized berry than Sultana with consistent light colour and mid-season maturity.  It has 
shown better rain tolerance than Sultana with higher yields.  

 
• The small berried selections M50-02 and M47-58 are both early maturing (late Jan.-1st week 

Feb.), disease resistant selections which produce consistent yields of light coloured, currant 
sized fruit when treated with drying emulsion. When dried as naturals they may offer an 
alternative product to currants.   

 
 
Imported selections 
 
A number of new varieties from the USDA in Fresno have been imported and released from quarantine 
in recent years. They are at various stages of development with respect to production of fruit for 
evaluation.  They will be top-worked onto existing rootstocks as part of speeding up evaluation in the 
project now funded (DG04003).  The first crop from the USDA selection C88-89 which ripened in mid 
season in 2004, produced an attractive full-bodied seedless product with distinct muscat character. 
Vines of Summer Muscat have been planted at CSIRO Merbein and both Princess and DoVine 
cuttings are to be planted in 2004 in the CSIRO collection at Merbein.  Black Emerald has proven to 
be very sensitive to rain on a site in Queensland.  Selma Pete is still in quarantine while arrangements 
have been made to secure material of Diamond Muscat which has recently been released from 
quarantine in Melbourne.  
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Section 4. Low browning Sultanas 
 
The first significant crop of Sultanas with down-regulated polyphenoloxidase (PPO) activity occurred 
in 2002.  Many of the selections dried to a light golden colour, which was similar to fruit from Bruce’s 
Sport and lighter than from Sultana.  The transgenic types and Bruce’s Sport maintained lighter fruit 
colour compared to Sultana under accelerated storage conditions (ie. 25 oC, 18% moisture) for up to 6 
months. Similar results were obtained when the fruit was trellis-dried in 2004. In 2003 the fruit was 
affected by rain prior to harvest.  In that season it was noted that splitting and berry drop occurred in a 
manner similar to the Sultana controls and that split berries tended to darken.  Because of the initial 
success with this study in 2002, further research has been supported with funding from the CRCV and 
HAL. Complete results will be provided as part of the reporting processes for that project and not 
included in this final report. 
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Section 5. Tissue-cultured Bruce’s Sport rootstock trial 
 

 
 
Background  
Previous research had shown that the Bruce’s Sport, a clone of Sultana with low browning potential 
attributable to its low PPO activity, produced very light sultanas.  Compared to normal Sultana, the 
lighter colour was maintained under poor drying conditions and in storage. The original source of 
Bruce’s Sport had problems with leaf roll virus diseases; when assessed on own roots it produced low 
crop yields. Hence, CSIRO used tissue culture techniques to eliminate known virus diseases from 
Bruce’s Sport.  PCR testing of the tissue-cultured clone has confirmed its freedom from known virus 
diseases of concern. 

 
In 1998 a replicated field trial was established with Bruce’s Sport with the aim to assess the 
performance of the standard Bruce’s Sport with the tissue-cultured clone when grafted on Ramsey 
rootstock and managed on a modern, high cordon swing-arm trellis. A small crop was produced in 
2001.  
 
Results  
      
Each season the fruit was rack dried. All treatments produced similar light type fruit indicating that the 
tissue culture and production on Ramsey rootstock has not had a detrimental effect on PPO browning 
activity. It should be noted however that all treatments were damaged by rain in 2003. A summary of 
the results for seasons 2002-2004 is presented in Table 5.1. A more detailed analysis of the yield data 
for each season is given in Table 2.  
 
There were significant differences in yield between seasons (as vines reached full productivity), and 
for comparisons between own roots and Ramsey rootstock (Tables 5.1 and 5.2). However there were 
no significant benefits from the tissue-cultured material over the standard Bruce’s Sport or Swing-arm 
trellis compared to T-trellis in any season, possibly due to vine age.  On average, Ramsey grafted vines 
yielded 89% more fruit than own-rooted vines, particularly in the high yielding, 2004 season, when 
yields were double. 
 
Berry weights were largest in season 2002 (Table 5.1). Compared to own roots, Ramsey vines had 
significantly larger berries (12%).  Very high maturities (Brix levels) were measured in season 2003 
compared to other seasons, which were also reflected in higher pH values and lower acid levels. This 
may have been due to berry dehydration following rain damage in that season.  While the high yielding 
Ramsey vines had lower sugar levels than own roots there were no rootstock effects on pH and 
titratable acidity. Berry fruit composition was unaffected by the source of Bruce’s Sport.     
 
Trellis treatment did not affect berry weight, sugar level, pH or titratable acidity.  
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Table 5.1.  Mean yield (kg/vine), berry weight (g), total soluble solids (0Brix), pH and titratable acidity 
(g/L) for Bruce’s Sport (BS) and Bruce’s Sport-tissue cultured (BS-TC) grown as own roots or on 
Ramsey rootstock and managed on T- or Swing arm trellis over 3 seasons (2002-2004).  For 
simplicity, only treatment means are presented in the absence of major interactions. Mean treatment 
values followed by different letters are significantly different (P=0.05).   
 
  Yield 

(kg) 
Berry 
wt.(g) 

Sugar 
(Brix) 

pH Acid 
(g/L) 

Source Rootstock      
BS Own 11.9a 1.26a 24.9b 3.73 4.85 
BS-TC Own 11.0a 1.22a 25.2b 3.81 5.05 
BS Ram-TC 22.2b 1.45b 23.3a 3.86 5.19 
BS-TC Ram-TC 21.1b 1.32ab 23.9a 3.83 5.32 
       
Trellis T 17.3 1.36 24.2 3.77 5.11 
 S-arm 15.7 1.27 24.5 3.84 5.10 
       
Year 2002 11.3a 1.47b 23.5b 3.50a 5.57b 
 2003 16.1b 1.25a 27.4c 4.20c 4.11a 
 2004 22.1c 1.22a 22.1a 3.72b 5.63b 
 
 
Table 5.2.  Mean yield (kg/vine) Bruce’s Sport (BS) and Bruce’s Sport -tissue cultured (BS-TC) grown 
as own roots or on Ramsey rootstock over 3 seasons (2002-2004).  For simplicity, only treatment 
means are presented in the absence of major interactions. Mean treatment values followed by different 
letters in each season are significantly different (P=0.05).   
 
  2002 2003 2004 
Source Rootstock    
BS Own 9.39a 11.9a 14.3a 
BS-TC Own 8.03a 10.6a 14.3a 
BS Ram-TC 15.6b 18.7b 32.2b 
BS-TC Ram-TC 12.2b 23.1b 27.9b 
     
 
Summary  
 
All Bruce’s Sport treatments (ie. source and rootstock) produced light type fruit.  However, the clone 
was still susceptible to rain damage and hence to the problems of mould and associated ochratoxin A 
development.  Acceptable commercial yield levels were achieved with grafted vines on Ramsey 
rootstock.  Longer term monitoring of the trial is required to assess effects of the trellis system and 
material source with mature vines.       
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Section 6. Sunmuscat rootstock trial   
 
Background 
Previous Sunmuscat rootstock research compared performance of own-rooted vines with grafted vines 
on Ramsey rootstock. While the performance of Ramsey was satisfactory there were indications that 
semi-compatibility problems with grafting had led to difficulties in establishment. Hence a replicated 
rootstock trial was established on a grower property in shallow, sandy loam soil. Ungrafted rootstock 
vines were planted as a fully replicated block design in two rows with 4 vine rootstock plots and four 
block replications at a 3.3 x 2.2 m row x vine spacing in December 1995. They were grafted in spring 
1996 and produced their first significant crop in 1999. They were trained on a high single wire cordon, 
initially as hanging canes until a swing arm trellis system was installed in winter 2000 for the 2001 
harvest. All reasonable canes produced from the cordon were retained at pruning.   The vines were 
hand harvested in 1999 and 2000 and then trellis dried in subsequent seasons with canes generally cut 
in late February-early March and harvested in late March-early April. Berry samples were collected 
prior to harvest or cane cutting for assessment of berry weight and juice composition. All harvest 
weights were converted to fresh weight based on sugar and final moisture contents. 

   
Results 
 
Yield 

There were significant differences in yield between seasons and rootstocks (Table 6.1). Apart from the 
first cropping year, 1999, the lowest and highest yielding seasons were 2001 and 2002 respectively. 
Low cropping years appeared to be associated with poor fruit set, possibly linked to water stress. All 
rootstocks produced higher yields than own-rooted vines although only minor increases in production 
were achieved with Schwarzmann, 101-14 and Teleki 5A.  Overall, the highest producing rootstock 
was 1103 Paulsen followed by Ramsey and 140 Ruggeri.  The significant year x rootstock interaction 
is largely due to the very high yield of 1103 Paulsen in 2000 and 2002 followed by significant 
reductions in the following season.  Excluding the first season results, the average yields of 1103 
Paulsen, Ramsey and 140 Ruggeri were 31.7, 30.2 and 28.7 kg/vine respectively. The overall yield of 
1103 Paulsen was equivalent to more than 10 t/ha dry weight.   

 
Table 6.1.  Mean yield (kg/vine) of Sunmuscat grown as own roots or grafted to 7 rootstocks over 6 
seasons, 1999-2004. Mean values followed by different letters are significantly different, P=0.05.   

Yield 
(kg/vine) 

1999 2000 2001 2002 2003 2004 Mean 

        
Own roots 9.7 12.8 12.8 25.6 15.1 16.6 15.5a 
Ramsey 13.4 27.9 22.7 28.9 26.8 33.7 25.6d 
1103 Paulsen 14.2 42.6 18.4 37.4 24.4 35.6 28.8e 
140 Ruggeri 12.9 33.7 19.0 35.0 21.0 34.9 26.1d 
SO4 13.5 23.6 16.6 30.7 20.9 30.0 22.6c 
Schwarzmann 13.4 20.4 14.7 27.5 20.7 21.7 19.7b 
101-14 8.9 16.9 14.5 28.6 20.8 22.4 18.7b 
Teleki 5A 9.8 18.0 16.5 26.1 16.1 23.9 18.4b 
        
Mean 12.0a 24.5d 16.9b 30.0f 20.7c 27.4e  

 
 
There were significant differences in berry weight between seasons and rootstocks but the year x 
rootstock interactions was not significant (Table 6.2). Berry weights were largest in 2000 and smallest 
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in 2001 and 2002. Although rootstocks tended to produce larger berries than own rooted vines, 
significant increases were only achieved with Ramsey, 1103 Paulsen and 140 Ruggeri.  
 
Table 6.2.  Mean berry weight (g) of Sunmuscat grown as own roots or grafted to 7 rootstocks over 5 
seasons, 1999-2004. Mean values followed by different letters are significantly different, P=0.05.   

Berry wt. (g) 1999 2000 2001 2003 2004 Mean 
       
Own roots 2.16 2.33 1.91 1.82 2.00 2.04a 
Ramsey 2.30 2.24 2.03 2.37 2.60 2.31c 
1103 Paulsen 2.48 2.33 2.22 2.19 2.45 2.33c 
140 Ruggeri 2.28 2.51 2.05 2.24 2.55 2.33c 
SO4 2.35 2.35 1.98 2.05 2.34 2.21b 
Schwarzmann 2.32 2.35 2.01 2.03 2.08 2.16b 
101-14 2.13 2.10 2.00 1.96 2.23 2.09ab 
Teleki 5A 2.24 2.45 1.98 1.99 2.29 2.19b 
       
Mean 2.28b 2.33b 2.02a 2.08a 2.31b  

 
 
There were significant differences in sugar levels (TSS) between seasons but not between rootstocks 
although the year x rootstock interaction was significant (Table 6.3). In general, higher yielding 
rootstocks all achieved adequate sugar levels. The significant year x rootstock interaction is largely 
associated with the lower sugar levels of 1103 Paulsen in years of high cropping.   
 
Table 6.3.  Mean total soluble solids (0Brix) of Sunmuscat juice grown as own roots or grafted to 7 
rootstocks over 5 seasons, 1999-2004. Mean values followed by different letters are significantly 
different, P=0.05.   

Sugar 
(0Brix) 

1999 2000 2001 2003 2004 Mean 

       
Own roots 23.9 25.1 24.5 23.7 24.0 24.2 
Ramsey 22.5 24.2 23.8 22.5 24.2 23.4 
1103 Paulsen 24.2 22.3 24.9 23.1 24.1 23.7 
140 Ruggeri 23.8 23.8 24.8 23.6 24.3 24.1 
SO4 24.5 25.1 24.6 23.6 24.4 24.4 
Schwarzmann 24.3 24.4 24.0 23.0 24.0 23.9 
101-14 24.4 25.2 25.1 23.3 18.5 23.3 
Teleki 5A 23.2 25.9 25.9 23.8 24.4 24.6 
       
Mean 23.9ab 24.5c 24.6c 23.3a 23.5b  

 
 
 
There were significant differences in juice pH between seasons but neither rootstock or the year x 
rootstock interaction were significant (Table 6.4). Season 2004 had the lowest pH and 2001 the 
highest. 
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Table 6.4.  Mean pH of Sunmuscat juice grown as own roots or grafted to 7 rootstocks over 5 seasons, 
1999-2004. Mean values followed by different letters are significantly different, P=0.05. 
PH 1999 2000 2001 2003 2004 Mean 
       
Own roots 3.75 3.70 3.91 3.74 3.53 3.73 
Ramsey 3.78 3.69 3.95 3.75 3.61 3.76 
1103 Paulsen 3.75 3.62 3.96 3.79 3.54 3.73 
140 Ruggeri 3.70 3.70 3.96 3.82 3.57 3.75 
SO4 3.79 3.72 3.88 3.78 3.53 3.74 
Schwarzmann 3.77 3.71 4.00 3.79 3.59 3.77 
101-14 3.85 3.77 4.00 3.77 3.59 3.79 
Teleki 5A 3.71 3.78 3.97 3.78 3.55 3.76 
       
Mean 3.76c 3.71b 3.95d 3.78c 3.56a  
 
 
There were significant differences in titratable acidity of juice between seasons but neither rootstock or 
the year x rootstock interaction were significant (Table 6.5). Season 2001 had the lowest acid levels 
and 2000 the highest. It is likely that the differences in acidity between seasons would be reflected in 
the acid taste of the dried fruit samples and potentially impact on perceived muscat character. 
 
Table 6.5.  Mean titratable acidity (g/L) of Sunmuscat grown as own roots or grafted to 7 rootstocks 
over 5 seasons, 1999-2004. Mean values followed by different letters are significantly different, 
P=0.05. 
Titratable 
acidity (g/L) 

1999 2000 2001 2003 2004 Mean 

       
Own roots 5.67 6.11 3.66 4.34 5.78 5.11 
Ramsey 4.82 6.81 3.44 4.45 5.69 5.04 
1103 Paulsen 5.38 6.69 3.67 4.55 6.03 5.26 
140 Ruggeri 6.55 6.20 3.76 4.34 5.92 5.36 
SO4 4.76 6.51 3.93 4.50 6.06 5.15 
Schwarzmann 5.09 6.49 3.38 4.29 5.51 4.95 
101-14 4.59 6.08 3.86 4.38 5.48 4.88 
Teleki 5A 6.00 6.23 3.71 4.49 5.52 5.19 
       
Mean 5.35c 6.39d 3.68a 4.42b 5.75c  
 
Conclusions  
 
This study has established that three out of the seven rootstocks tested have significant production 
advantages over own roots and the other rootstocks.  They are 1103 Paulsen, Ramsey and 140 Ruggeri.  
The higher productivity was achieved in all seasons without having major impacts on juice 
composition (ie. sugar level, pH or titratable acidity). These three rootstocks also produced the largest 
berries. The significant difference in titratable acidity between seasons which appears to be unrelated 
to sugar level or crop load warrants further investigation with respect to perceived flavour differences 
between seasons.  
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Section 7. Shirana  
 
PBR application 
 
To complete the PBR Part 2 application it was necessary to prepare a full description of Shirana 
(syn. S67) using ampelography and botanical descriptors, including those recognised as important 
by UPOV.  In addition, a trial had to be conducted to demonstrate that Shirana was distinct from 
other varieties of common knowledge and also show that it is a uniform and stable variety. 
 
For the purpose of the trial a choice of comparator variety(ies) had to be made.  This was achieved 
by considering a number of ‘grouping characteristics’ to identify the most similar varieties of 
common knowledge.  The grouping characteristics used were time of budburst, berry skin colour, 
berry size, berry maturity, berry flavour, seedlessness and ability of berry to withstand rain 
damage post veraison.  From this, the comparator variety used was Sultana H5, which was the 
paternal parent of Shirana.  The maternal parent, Shiraz was not used as a comparator since it 
produces a red/black seedy berry.  Other white seedless varieties were considered but were 
eliminated for a range of reasons.  Merbein seedless was eliminated on the basis of berry size 
(larger), berry maturity (earlier) and time of budburst (later).  Bruce’s sport Sultana was 
eliminated on the basis of it being variegated and because it produces a dried berry that is low in 
polyphenol oxidase activity and dries to a much lighter colour than Shirana and standard Sultana.  
Other clones of Sultana could have been included but would result in similar descriptive results to 
Sultana H5 and all have a problem of being susceptible to berry rain damage post-veraison.  
Sunmuscat was another possible comparator but was eliminated on the basis of a larger berry and 
its distinctive muscat flavour.   
 
Data for the PBR Part 2 application were obtained from two comparative trials.   
 
Trial 1. Vines were grown ungrafted on their own roots in an irrigated vineyard and trained to a 
double wire trellis.  Vines were cane pruned annually during winter dormancy, received standard 
fertiliser treatments and were sprayed as required with appropriate agrochemicals to control 
common diseases and insect pests.  The trial had been planted in 1968 as a single block with 16 
replicate three-vine plots randomised over 5 rows and was used originally to select and identify 
the sister variety of Shirana, namely Carina, which is a small black seedless berried drying grape 
variety. After Carina was released, the trial was reduced to a single row of vines comprising four 
3-vine plots of Shirana and three 3-vine plots of Sultana that were randomised within the row.  
Observations and measurements for shoot growth, flower and berry characteristics were made 
from 2000 until 2003.  Data collected for berry characteristics showed consistent differences 
between the two varieties for the 2000, 2001 and 2002 harvest periods.  Data presented in the PBR 
part 2 application were collected for four bunches of fruit collected at random from each vine on 
the same day during the 2002 harvest.  Berries were removed from each bunch and 10 berries per 
bunch were selected at random for determining berry dimensions and the remainder were 
aggregated for each bunch and used for berry weight and juice quality measurements.   
 
Trial 2. The second trial was conducted using own-rooted vines grown from cuttings of Shirana 
and Sultana H5.  The vines were maintained in 10.8 litre pots containing a uniform standard 
potting mix in an air-conditioned glasshouse and trained vertically as single shoots by removing 
laterals as they arose during their first year.  Prior to their second spring, the vines were pruned to 
two-bud spurs and then again trained vertically as single shoots.  Vines were irrigated daily via an 
automatic water delivery system.  They were fertilized with a complete fertilizer on a three-weekly 
cycle and sprayed with appropriate pesticides and fungicides as required.  Vines were randomised 
as a single block on a bench with 15 replicates of each variety.  The vines did not flower and were 
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used to collect data for vegetative characteristics.  The vines were two-years-old when quantitative 
data were collected for leaves removed from the mid section of shoots during December 2002. 
 
Analysis of the data from the comparative trials demonstrated that Shirana was distinct from Sultana 
H5. A part 2 application was completed and submitted to the PBR office by the March 20 2003 
deadline for publication in the first issue of Volume 16 of the Plant Varieties Journal.   
 
 
  
Maturity assessments on trial properties 
 
The maturity of Shirana grown on 3 commercial properties and on the CSIRO Merbein property were 
compared to Sultana vines grown adjacent to Shirana and irrigated and managed in a similar manner.  
Fruit samples were assessed during the ripening period for oBrix, berry weight, pH and juice titratable 
acidity each season.  It was shown that Shirana was, in the majority of cases, higher in sugar and acid 
content when compared to Sultana at the same date throughout the maturation period (Figs. 7.1 and 
7.2).  Shirana also continued to accumulate sugar after accumulation in Sultana had ceased and peaked 
at a higher sugar content than Sultana in all cases.  These results were obtained under three very 
different harvest conditions including a wet season (2003) and a season where stalled maturity 
occurred (season 2004) following a period of mild temperatures in January and extreme heat in 
February (Figure 7.1).  
 
  
Figure 7.1. Sugar content of fresh Shirana and Sultana grapes during ripening over three seasons.  
Vines grown on own roots with cane pruning and T-trellis at CSIRO Merbein. 
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Figure 7.2.  Changes in sugar content during ripening of two grape varieties over three seasons sourced 
from 3 areas within the Sunraysia irrigation area, including three rootstocks, vine trellis type and 
irrigation types. 
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Figure 7.3. Shirana on hanging cane at a growers property. 
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Discussion 
 
The project has maintained a structured and targeted breeding program aimed at developing rain and 
disease tolerant grape varieties for dried fruit production to overcome deficiencies of existing varieties 
and meet market requirements. Key industry issues addressed include development of rain tolerant 
selections to eliminate mould development and minimise Ochratoxin A levels; the need for    
new drying varieties for consistent production of high quality dried fruit products to meet buyer/ 
consumer specifications and disease resistant drying varieties to reduce chemical use, enhance 
marketing opportunities and meet consumer demands for ‘chemical free’ products.  Enhanced 
knowledge of the inheritance of key production and quality characteristics have been incorporated into 
development of breeding strategies.  Significant scientific contributions have been made to determine 
the causes of ‘seedlessness’, improve techniques for in-ovulo embryo rescue from seedless x seedless 
crosses and in the development and application of laboratory based techniques for disease resistance 
screening.  
 
The project has assessed material at all stages of development including the diverse range of individual 
seedling progeny from previous crosses, promising multiplied selections, established trials (eg. the 
Sunmuscat and Bruce’s Sport rootstock trials), imported varieties and selections established in larger 
commercial sites (ie. Shirana and M48-042).  As a consequence, a number of seedling selections have 
been identified for larger scale evaluation in multiplied plots including grafting on rootstocks and top-
working on existing vines to facilitate more rapid evaluation under modern management practices. A 
number of rain or disease resistant sultana types have been identified for planting on a larger scale 
under semi-commercial conditions while two selections, the early ripening disease resistant currant 
(M48-42) and the rain tolerant sultana type (F 64-74) have been moved to the final stages of evaluation 
with larger plantings established on commercial sites by top working.  Results from the Sunmuscat 
rootstock trial indicate that 1103 Paulsen should be the preferred rootstock while performance on 140 
Ruggeri and Ramsey was adequate.      
 
 
Technology Transfer 
 
Each year CSIRO has been represented by staff including posters and appropriate fruit samples for 
viewing or tasting at the Mildura field days in May.  Reports and samples were submitted to the 
‘Unique Dried Grape Varieties Steering Committee’ which met at CSIRO at least twice a year (ie. 14th 
June and 7th Nov. 2001, 29th May and 17th Dec 2002, 24th July and 25th November 2003, June 28th 
2004). In addition, meetings of the Shirana sub-committee were also held.  An annual field walk was 
also conducted each season in January/February with the ‘Unique Dried Grape Varieties Steering 
Committee’ to view Shirana plantings, new selections at CSIRO, the Bruce’s Sport and Sunmuscat 
rootstock trials. Furthermore grower farm walks, organised in collaboration with the ADFA Drying for 
Profit program, were held each season to inspect the Sunmuscat rootstock trial and other Sunmuscat 
rootstock plantings of interest prior to harvest.  
 
Results of this project have been presented to industry on a regular basis at various forums (ie.   
‘Raisin Expectations’, Sept. 2001, ADFA industry forums; annual Riverlink research forums and 
Riverlink research highlights forum, Jan. 02; ‘High Quality Dried Grapes: Dried fruits research 
looking forward.” CSIRO Merbein, August 02; Viticulture in 2015 forum, October 2003 and 
Viticulture 04, October 2004). A presentation was also made to the HAL Board in October 2002.    
 
Shirana  
The application and granting of PBR for Shirana was published in the Plant Varieties Journal, 2003, 
vol. 16. no 1 , pp 65-67.  Application was accepted in May 2001 and PBR granted in December 2003.  
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Shirana posters were prepared for the Mildura field day in 2001 and 2002 field days. 
 
Two leaflets on Shirana titled;  ‘Small sultana-S67’ and ‘Shirana for drying’, were compiled and 
delivered to HAL offices in Mildura for distribution to interested growers in 2001 and August 2003 as 
well as being handed out to interested growers at field days. 
 
Sunmuscat 
A Sunmuscat leaflet outlining the characteristics of this grape was produced and supplied to ADFA for 
distribution to growers in 2001 and updated in 2002.  
 
Publications 
Liu, S, Sykes, S.R. and Clingeleffer, P.R. (2003) A method using leafed single node cuttings to 
evaluate downy mildew resistance in grapevine. Vitis 42, 173-180 
 
Liu, S. M., Sykes, S. R., and Clingeleffer, P. R. (2003). Improved in- ovulo embryo culture for 
stenospermocarpic grapes (Vitis vinifera L.). Australian Journal of Agricultural Research 54, 869-876. 
 

Liu, S. M., Sykes, S. R., and Clingeleffer, P. R. Male sterility and berry setting behaviour of the dried 
grape variety Carina.  Australian Journal of Experimental Agriculture (submitted) 
 
 
Recommendations 
 
Key issues considered by the ‘Unique Dried Grape Varieties Steering Committee’ and pertinent to this 
report were:- 
• A recommendation to establish a semi-commercial trial planting of the early ripening disease 

resistant currant type M48-42 on a second grower’s property with management on a modern, 
cordon based high trellis. This selection will also be placed in quarantine in Western Australia to 
provide material to establish a test plot in the Swan Valley. 

• Support for establishment of a test planting with rain and disease resistant sultana types, in total 7 
selections, on a grower property for assessment under modern commercial conditions.  

• A recommendation to establish a semi-commercial trial planting of the rain tolerant Sultana type 
F64-74 on a growers property with management on a modern, cordon based high trellis 

• Agreement to develop a plan for release of tissue cultured Bruce’s Sport. 
• Termination of the Sunmuscat rootstock trial, which identified the most suitable rootstocks for 

management under modern cordon based systems.  
 
 


