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PROJECT SYNOPSIS 

Seedless varieties which had shown considerable promise as large berried alternatives to the seeded 
lexialraisin varieties, Muscat Gordo Blanco and Waltham Cross were evaluated as drying varieties in semi
commercial size plantings over 6 years. Treatments were superimposed on the varietal plantings to assess 
the potential for mechanisation using the concept of trellis drying when integrated with highly productive 
systems of management. Treatments comparisons included:-

• narrow T-trellis and wide T-trellis with 3.3 m row spacing and a cordon based hanging cane system 
established at a narrow, 2.2 m row spacing, 

• own roots or grafted on Ramsey rootstock, 
• hand picking and trellis drying, 
• application of gibberellic acid (GA) to increase berry size. 

The longer term effects of the treatments on yield and yield components for fully established vines covered 
the harvest periods, 1990-95. Pertinent outcomes are provided below. 

Varietal Recommendations 

Sunmuscat 

Sunmuscat is recommended for large scale industry adoption because of its high yields and desirable 
fruit quality characteristics. The rack dried fruit produced a light amber product with very few dark 
berries, even in rain affected seasons. Samples ofthe trellis dried fruit tended to be slightly darker 
than the rack dried fruit. Excellent coverage of drying emulsion was achieved with the trellis drying 
treatment because of the loose bunch structure of Sunmuscat. The dried berries had an appealing 
sweet flavour with a distinctive muscat after taste. 

Tho muscat 

Thomuscat is not recommended for further industry development despite its high yields and muscat 
character. Dried fruit samples produced from Thomuscat were in the main, light in colour and had a 
distinct muscat after taste. However, the samples always contained many dark berries resulting from 
severe browning of sun exposed berries, problems with emulsion application caused by very compact 
bunches and berry splitting in wetter seasons. 

Sultana Moscata 

Sultana Moscata is not recommended for industry development because of its consistently low yield, 
low sugar and undesirable fruit characteristics. Neither the fresh or dried berries of Sultana Moscata 
developed a distinctive muscat character. The dried fruit samples were a light amber colour but 
lacked the desirable full-bodied flesh characteristics due to the low fruit maturities at harvest in mid 
March. 

Emerald Seedless 

Emerald Seedless is recommended for larger scale industry testing based on its high productivity, 
large berry size and fruit quality characteristics. Dried fruit samples ofEmerald Seedless were 
generally an even brown-amber colour. The product was very similar to that produced from the 
seeded variety, Waltham Cross particularly when GA treated to increase the berry size . 



Trellis Responses 

Overall, the results demonstrated a small benefit from the use of wide T -trellis at the 3. 3m row 
spacing (ie. 13%) compared to the narrow T-trellis. A much larger production advantage was 
achieved with the use of closer row spacings with hanging canes for all varieties (ie. 26%). Overall, 
the higher yields with both the wide T -trellis and hanging canes treatments resulted from higher 
bunch numbers which were significant for Sunmuscat and Sultana Moscata. The hanging cane 
treatment produced significantly smaller bunches with Sunmuscat, Thomuscat and Sultana Moscata. 
It is recommended that the industry pursue further development of full mechanisation of the hanging 
cane concept using closer rows to facilitate sustainable dried fruit production. It should be noted 
that the increase in productivity was achieved without additional irrigation or nutrient inputs . 

Rootstock Responses 

Benefits from the adoption ofRamsey rootstock over own roots were not realised in this study. In 
general, Ramsey vines produced fewer bunches per vine than own roots but had larger bunches, 
except with the poor performing Sultana Moscata. Furthermore, problems with establishment and 
growth of scions occurred with Ramsey vines when field grafted. This problem was greater with all 
three muscat varieties suggesting a semi-incompatibility problem. However it should be noted that 
the performance of all varieties on Ramsey was satisfactory if full establishment was achieved. 
Further studies to enhance the understanding of contributing factors to apparent graft 
incompatabilities is recommended. 

Trellis Drying Effects 

Varietal responses to trellis drying varied. Trellis drying had no significant effect on yields of 
Sunmuscat or Thomuscat but significantly reduced yields of Sultana Moscata and Emerald Seedless. 
The yield reductions with trellis drying were associated with the development of fewer, smaller 
bunches with lower berry weights. 

GA Responses 

Application of GA produced significantly larger berries with all varieties (ie. an increase of about 
40%), which were reflected in larger bunches (except with Sunmuscat) and higher yields (except 
Sultana Moscata). Problems of reduced fruitfulness with GA treatments only occurred with 
Sunmuscat. In this study, plus and minus GA treatments were alternated between seasons with 
Sunmuscat to minimise this effect. However, GA protocols which utilise lower concentrations of 
GA recently trialed appear to reduce the impact on fruitfulness and should allow application to 
increase berry size every season. 



BACKGROUND 

The future of the Australian dried vine fiuits industry is dependent on the efficient production of high 
quality fiuit. In 1987, the Dried Fruits Research and Development Council supported the establishment of 
a trial site which aimed to integrate a range of alternative drying varieties with efficient low input and 
highly productive management systems. 

The main plantings were of seedless varieties which had shown considerable promise as large berried 
alternatives to the seeded lexia/raisin varieties, Muscat Gordo Blanco and Waltham Cross in evaluations of 
seedless material within the germplasm collection (Newman and Clingeleffer, 1987). The seeded varieties 
are badly damaged during deseeding and processing leading to problems with sugar crystallisation during 
storage. Those planted were Emerald Seedless (Waltham type) and three seedless muscat flavoured 
varieties, ie. Sultana Moscata, Thomuscat and Fresno 58-93, an unnamed selection from the USDA in 
California. Other selections planted at the site included two early ripening black varieties, Russian 
Seedless and Marroo Seedless (Ciingeleffer and Possingham 1988) which produce an excellent product 
when dried as naturals and three, smaller berried seedless selections from the breeding program. 

Treatments were superimposed on the varietal plantings to assess the potential for mechanisation using the 
concept oftrellis drying when integrated with highly productive systems of management, shown to be 
successful with Sultana (Clingeleffer 1981 and 1986). These treatments included comparisons between 
own roots or grafted on Ramsey rootstock; comparisons of narrow T-trellis with wide T-trellis and a 
cordon based hanging cane system established at a narrower row spacing; and application of gibberellic 
acid (GA) to increase berry size. 

This report provides results and recommendations for the main seedless, large- berried alternatives to 
seeded varieties trial. It covers assessment of the longer term effects of the trellising and rootstock 
treatments, the adoption of trellis drying and GA application to enhance berry size on yield and yield 
components for fully established vines covering the harvest periods, 1990-95. Results and 
recommendations for the small berried and black seedless varieties will be included in the final report for 
project CSH 54 as their evaluation has continued at both the ADF A site and in other CSIRO plantings in 
that project. 

Note: The selection F58-93 has been released jointly by the CSIRO and USDA and named Sunmuscat. In 
this report the name Sunmuscat will be used hereafter. 



METHODOLOGY 

The trial was established in 1987 and 1988 on the Irymple property of the Australian Dried Fruits 
Association. The soil type was Coomealla sandy loam and irrigation was by undervine sprinklers. 
Routine maintenance (ie. cultivation, spraying and watering) was conducted by the Victorian Department 
of Agriculture, Sunraysia Horticultural Research Institute. 

The trial consisted of the seedless, large-berried, white varieties, Emerald Seedless; Sunmuscat, Sultana 
Moscata and Thomuscat grown either on own roots or grafted on Ramsey rootstock. It included 3 
trellising treatments, ie. a 0.3m T-trellis, a 1.2m T-trellis (both with a 3.3m row spacing) and a high (1.8m) 
hanging cane system (with a 2.2m row spacing). Vine spacing in the row was 2.4 m. The vines produced 
light crops in 1990 and substantial crops in 199 1. Where required, treatments were trellis dried for the 
first time in 1991. GA spray programs to enhance berry size were applied for the first time in season 
1991/92. These involved 3 sprays of 10, 20 and 30 ppm applied at weekly intervals after fruit set. 

The vines were pruned to a maximum of 12 canes on the T-trellises. With the hanging cane treatment all 
reasonable fruiting canes arising on the high cordon were retained. For the trellis drying treatment the cut 
canes were held in place by catch wires positioned in late spring about 30 ems below the cordon on either 
side of the trellis posts. Bunch and shoot counts per vine were conducted in spring. Berry samples from 
all replicates of each treatment were collected prior to harvest to determine berry weights, total soluble 
solids, pH and titratable acidity. The vines were harvested or cut for trellis drying in the second or third 
week ofMarch. For both the rack and trellis drying treatments a single application of 1.0% oil and 1.25% 
potash was used. Ground drying was used for 'finishing off prior to processing in the CSIRO small-scale 
packing facility. 

The experiment was designed to have large blocks of a single variety as a semi-commercial demonstration 
of the management and drying treatments. These were replicated twice to provide some replication of 
varietal comparisons. Each of the large blocks consisted of 8 rows of vines with paired rows of each of 
the 3 trellis treatments with a guard row on either side of the narrow row spacing, hanging cane treatment. 
One of the paired rows of each trellis treatment was selected at random for trellis drying. Twelve vine 
plots within each row were divided into 4, 3 vine subplots arranged in panels. Two subplots were 
randomly selected for planting with own rooted vines and 2 were used for planting Ramsey rootstock 
which were chip budded during establishment in 1987 and 1988. GA treatments were applied at random 
to one of the own rooted and one of the Ramsey subplots within each 12 vine plot. Note, because 
Sunmuscat produced abnormal growth following GA treatment and low bunch numbers in the following 
season the GA treatments were alternated between the subplots each season. For yield comparisons, the 
fresh weight of the trellis dried treatment was calculated from drying ratios determined from total soluble 
sugar levels and small drying experiments. 

Abbreviations 

NT = Narrow, 0.3m T-trellis 
WT = Wide, 1.2m T -trellis 
HC = Hanging Cane 
0 = Own-roots 
R = Ramsey rootstock 
GA = Gibberellic acid 



RESULTS 

Sunmuscat 

Treatment effects on bunch and shoot number per vine and bunches per shoot are presented for 
Sunmuscat in table 1. Significant trellis responses in 1992, and over the seasons, show that NT had 
the lowest, and HC the highest bunch numbers. Similar trends occurred in all seasons with respect to 
shoot numbers. Significant differences in shoot fruitfulness (bunches per shoot) over the seasons 
show a reverse trend as NT was the highest and HC shoots the least fruitful. Ramsey rootstock had 
significantly fewer bunches than own roots in 1993 and over the seasons, despite having similar 
shoot numbers. Consequently, fruitfulness of Ramsey was always significantly lower. Trellis drying 
had no effect on bunch and shoot numbers or fruitfulness when compared to rack drying. The 
application of GA in the previous season significantly reduced bunch and shoot numbers in 1994 and 
1995 and over the seasons. The carryover GA effect significantly reduced shoot fruitfulness in all 
seasons. 

Table 1 Effect of trellis, rootstock, drying method and GA treatments on bunch (1992-95) and 
shoot numbers (1993-95) per vine and bunches per shoot of Sunmuscat. Subscripts denote 
significant treatment differences in each season (P<0.05). 

Trellis Rootstock Method GA <'l 

Bunches 
per vme 

NT WT HC 0 R Rack Trellis + -
1992 1733 238b 23h 223 196 218 21 1 209 220 
1993 81 104 122 126b 79. 100 101 116 89 
1994 85 108 127 108 105 97 97 126b 87. 
1995 89 91 99 101 85 92 96 120b 66. 
mean 107. 135b 145b 140b 116. 127 126 143b 116. 

Shoots per 
vme 

NT WT HC 0 R Rack Trellis + -
1993 93a 115b 144c 127 107 117 119 11 9 116 
1994 100a 13h 158c 126 133 122 121 142b 117, 
1995 100. 116b 134c 119 114 11 8 118 128b 106. 
mean 98. 119b 145c 124 118 119 119 130b 113. 

Bunches 
per shoot 

NT WT HC 0 R Rack Trellis + -
1993 .87 .90 . 84 1.00b . 74 • .85 .85 .97b .77 • 
1994 .85 .82 . 80 .86b .79 • .80 . 80 .89b .74 • 
1995 .89 .78 .74 . 85b .75. .78 .81 .94b .62 • 
mean . 87c .83b . 79 • 90b 76. .81 .82 .93b .71 • 

(i) GA+ untreated vines from previous season. GA applied in current season (seasons 1993-95). 
GA- treated \vith GA the previous season, ie. carry over effect. GA not applied in current season 
(seasons 1993-95). 



Sunmuscat yields, calculated per vine and per hectare for the trellis treatments are presented for each 
season in table 2. Over the six seasons there was no significant effect of trellis on yield per vine. 
WT had the highest yield and HC the lowest yield in 1990. In 1993 HC had the highest yield and NT 
the lowest yield. Conversion of the data to a yield per hectare basis shows a considerable advantage 
(24%) in using narrower row spacings (ie. 2.2m cfto 3.0m) in combination with the hanging cane 
treatment. 

Table 2 Mean yield per vine (A) and per hectare (B) of trellis treatments (1990-95) for Sunmuscat. 
Subscripts denote significant treatment differences (P<O. 05). 

A. Yield per vine (kg) Trellis 
NT WT HC 

1990 17.4b 21.9c 14.2. 
1991 34.5 36.6 30.8 
1992 40.0 39.7 34.3 
1993 13 .1. 17.0b 20.2c 
1994 18.0 18.1 19.3 
1995 16.3 18.4 15 .5 
mean 23.2 24.5 21.9 

B. Yield per hectare (t) Trellis 
NT WT HC 

1990 24.2 30.4 26.0 
1991 40.6 44.6 51. 1 
1992 55 .6 51.6 62.8 
1993 24.9 22.1 40.0 
1994 23.4 23 .5 35.3 
1995 31.0 25 .6 28.5 
mean 32.3 35.1 40.1 

(5.6%) (24%) 



Yield data for the rootstock comparisons are presented in table 3. Significant differences in 1990, 
1991 and 1995 and over the seasons indicate that Ramsey yields were higher than own roots. 
However the data for the percentage of vines with yields greater than 5 kg indicate that a large 
proportion ofRamsey vines did not establish fully and, because of their low yields, were eliminated 
from the statistical analysis as outliers. 

Table 3 Mean yield per vine of own roots(O) and Ramsey(R) vines of Sunmu-?Cat (1990-95). The 
percentage of vines with yields greater than 5 kg is included as an indicator for vines in full 
bearing. Subscripts denote significant differences in each season P<O. 05). 

Yield per vine (kg) %vines> 5 kg 
0 R 0 R 

1990 15.93 19.8b 82 39 
1991 28.83 39.lb 97 42 
1992 38.4 37.7 100 53 
1993 17.5 16.0 88 44 
1994 17.4 19.6 94 69 
1995 13.83 19.7b 86 67 
mean 22.03 25.3b 

Sunmuscat yield data is presented in table 4 for drying method and GA treatments. Except fo r the 
small but significant difference in 1991, over the seasons there was no significant difference in yield 
between rack and trellis drying. Carryover effects from trellis drying, first applied in 1991, were not 
significant. The significant reduction in yield in the season following GA application in 1994, 1995 
and over the seasons can be attributed to lower bunch numbers (table 1) rather than enhancement of 
yield in the seasons when applied. 

Table 4 Mean y ield (kg per vine) of drying method (1990-95) and GA treatments for Sunmuscat 
(seasons 1992-95). The mean over the seasons 1992-95 is also included for the d1ying treatments 
to assess carryover effects of trellis drying, first applied inn 1991. Subscripts denote significant 
differences in each season (P<O. 05). 

Drying Method GA 
Rack Trellis + 

1990 16.8 18.8 
1991 28.43 31.3b 
1992 36.2 39.9 39.3 35.5 
1993 17.7 15.8 17.0 15.7 
1994 20.0 16.9 25.6b 17.53 

1995 17.5 16.1 20.9b 14.53 

mean 22.8 23.1 25.7b 20.83 

1992-95 22.9 22.2 



Treatment effects on berry weight, with and without GA application are presented in table 5. In all 
seasons GA treatments significantly increased berry weights across all the other treatments, ie. by 
almost 50% from 2.0 to 3.0 g berries. Interactions between GA application and the other treatments 
were not significant. Trellis treatments had no effect on berry weight in any season. Compared to 
own roots Ramsey vines produced larger berries in 1993 and overall. There was a significant 
reduction of berry weight with trellis drying over the seasons compared with r~ck drying although 
this trend was never significant in any season. 

Table 5 Effect of trellis, rootstock, drying method and GA treatment on mean berry weight (g) of 
Sunmuscat, 1992-95. Subscripts denote significant treatment differences in each season (P<0.05). 

Trellis Rootstock Method 

Berry Weight 
+GA 

NT WT HC 0 R Rack Trellis 
1992 3.02 2.57 2.42 2.55 2.79 2.69 2.67 
1993 3.36 2.93 3. 10 2.78J 3.48b 3.24 2 .91 
1994 3.71 2.96 3.21 3.27 3.38 3.32 3.26 
1995 2.51 2. 19 2.49 2.35 2.44 2.53 2.25 
mean 3.15 2.66 2.80 2.74a 3.02b 2.95b 2.77J 

Berry Weight 
-GA 

NT WT HC 0 R Rack Trellis 
1992 1.76 1.83 2.10 1.78 2.01 1.83 1.85 
1993 2.65 2.26 2.50 2.21a 2.73b 2.56 2.38 
1994 2.08 2.36 2.23 2. 18 2.63 2.47 2.06 
1995 1.39 1.64 1.76 1.6 1 1.60 1.65 1.57 
mean 1.97 2.02 2.15 1.95a 2.24b 2.13b 1.97a 

Note: In all years differences between GA effects were highly significant (P<0.001). There were no 
significant interactions between the GA treatment and the other treatments. 



Treatment effects on total soluble solids, pH and titratable acidity are presented in table 6. Although 
never significant in any season, overall the NT trellis treatment had the highest soluble solids and the 
HC the lowest. There was no effect ofRamsey on total soluble solids. Compared to rack drying, 
there was a tendency for trellis drying to increase total soluble solids which was significant in 1995 
and overall. The non GA vines had higher soluble sugars which can be attributed to the lower yields 
associated with carryover effects ofthe GA treatment from the season before. Overall there was no 
effect oftrellis treatment on pH. Significant differences in 1993 , 1994 and 1995 did not show a 
consistent treatment effect. Ramsey vines produced higher pH values than own roots. Trellis drying 
had no effect on pH. The GA treatment which produced larger berries (table 5) also produced 
significantly higher pH values in 1994 and 1995 and over the seasons. Titratable acidity was largely 
unaffected by trellis treatments except in 1993 when HC had significantly higher levels than WT or 
NT. Overall rootstock effects on titratable acidity were negligible except that in 1993 and 1995 
when differences were significant Ramsey had the lower acid levels. Drying method had little effect 
on titratable acidity except in 199 5 when trellis dried levels were lower than for rack dried fruit. The 
GA treated fruit always had significantly lower acid levels despite having lower levels of total soluble 
solids. 

Table 6 Effect of trellis, rootstock, drying method and GA treatment on total soluble solids, pH 
and titratable acidity of Sunmuscat, 1992-95. Subscripts denote significant treatment differences in 
each season (P<0.05). 

Trellis Rootstock Method GA <i> 

Soluble Solids 
(

0 Brix) 
NT WT HC 0 R Rack Trellis + -

1992 26.2 25.5 25.3 25 .8 25 .5 25.2 25.8 25.0, 26.4b 
1993 23.0 22.6 22.7 22.5 23.0 22.4 23.3 22.5 23 .0 
1994 24.8 24.8 24.0 24.2 24.6 24.0 24.5 23.5, 25.h 
1995 27.5 27.0 27.0 27.3 27.0 26.8, 27.6b 26.6. 27.8b 
mean 25.5. 25.0b 24.8b 24.8 25 .0 24.6, 25.3b 24.4, 25.6b 

pH 
NT WT HC 0 R Rack Trellis + -

1992 3.54 3.58 3.45 3.49 3.56 3.52 3 .54 3.55 3.49 
1993 3.50b 3.50b 3.42, 3.43, 3.5h 3.49 3.45 3.47 3.47 
1994 3.37, 3.34, 3.43b 3.37. 3.43b 3.37 3.47 3.4h 3.35, 
1995 3.59b 3.50. 3 .51, 3.49. 3.58b 3.54 3.52 3.59b 3.47, 
mean 3.50 3.48 3.45 3.45, 3.52b 3.48 3.50 3.5h 3.45. 

Titratable 
Acidity (g L.1

) 

NT WT HC 0 R Rack Trellis + -
1992 4.83 4.73 4.96 4.88 4.79 4.88 4.78 4.67, 5.00b 
1993 5.55, 5.42, 5.85b 5.8h 5.40. 5.58 5.66 5.36, 5.85b 
1994 5.49 5.33 5.36 5.34 5.54 5.36 5.52 4.93. 5.86b 
1995 4.42 4.44 4.30 4.52b 4.24, 4.29, 4.54b 4.15. 4.63b 
mean 5.07 4.98 5.12 5.14 4.99 5.03 5.13 4.78, 5.34b 

(i) GA+ untreated vines from previous seasons (1993-95). 
GA- treated vines from previous seasons (1993-95). 



The drying results support the earlier studies which indicated strong potential for the selection 
(Newman and Clingeleffer 1987). The rack dried fruit produced a light amber product with very few 
dark berries, even in rain affected seasons. Samples ofthe trellis dried fruit tended to be slightly 
darker than the rack dried fruit. Excellent coverage of drying emulsion was achieved with the trellis 
drying treatment because of the loose bunch structure of Sunmuscat. The dried berries had an 
appealing sweet flavour with a distinctive muscat after taste. Furthermore, public reaction to 
Surunuscat when displayed at a number of public forums (eg. ADFA Federal Council, the Adelaide Show, 
the Science Display on the Waite Campus, and the CSIR.O Merbein Open Day) was most encouraging. 
More recently independent, sensory evaluation conducted by The Australian Food Industry Science 
Centre and supported by the DFRDC has verified the initial quality evaluations. Their consumer 
evaluation trial indicated a strong preference for Sunmuscat compared to traditional raisin varieties and 
GA treated, jumbo sultanas. 

Note: Since the end ofthe project in 1995 GA treatments have been refined to minimise the effects 
on fruitfulness. GA treatments of around 3 ppm have produced berry sizing responses without major 
effects on growth and fruitfulness. 



Thomuscat 

Treatment effects on bunch and shoot number per vine and bunches per shoot are presented for 
Thomuscat in table 7. Trellis treatments did not produce significant effect on bunch numbers. In 
1994 and 1995 NT and HC had the lowest and highest shoot numbers respectively. Overall, shoot 
numbers ofWT were similar to HC. Differences in shoot fruitfulness (bunches per shoot) between 
the trellis systems were not significant overall, although NT was the highest in .1993 and 199 5 . 
Ramsey rootstock always produced significantly fewer bunches and shoots and were less fruitful 
compared to own roots. Trellis drying tended to reduce bunch numbers compared to rack drying, 
although the differences were only significant over the seasons. While shoot numbers were 
unaffected by the drying method fruitfulness was lower with trellis drying in 1993 and 1994. 
Application of GA had no effect on bunch number, shoot number or fruitfulness . 

Table 7 Effect of trellis, rootstock, drying method and GA treatments on bunch (1 992-95) and 
shoot numbers (1993-95) per vine ojThomuscat. Subscripts denote significant treatment 
differences in each season (P<O. 05). 

Trellis Rootstock Method GA 
Bunches 
per vme 

NT WT HC 0 R Rack Trellis + -
1992 171 179 192 212b 149~ 202 170 180 166 
1993 111 107 107 117b 92. 110 107 104 113 
1994 80 93 101 109b 73~ 98 91 91 92 
1995 91 95 109 116b 81~ 99 98 100 94 
mean 113 119 127 139b 99. 127b 117. 119 116 

Shoots per 
vme 

NT WT HC 0 R Rack Trellis + -
1993 139 163 153 159b 136. 144 152 138 157 
1994 129. 145b 156c ISh 136~ 137 150 140 133 
1995 103. 123b 146c 138b 110. 129 124 125 123 
mean 124. 144b 152b 149b 127. 136 142 134 138 

Bunches 
per shoot 

NT WT HC 0 R Rack Trellis + -
1993 .80b . 66. . 70. .74b .68 • .77b .70 • .75 .72 
1994 .62 .64 .65 .72b .54, .72b .61~ .65 .69 
1995 . 88b .77 • .75~ .84b .74. .77 .79 .80 .76 
mean .77 .69 .70 .7h .65, .75 .70 .73 .72 



Thomuscat yields, calculated per vine and per hectare for the trellis treatments are presented for each 
season in table 8. Over the six seasons there was no significant effect of trellis on yield per vine. 
WT had the highest yield and HC the lowest yield in 1990. Conversion of the data to a yield per 
hectare basis shows a 9% gain with WT over NT and a considerable advantage (20%) in using 
narrower row spacings (ie.2.2m cfto 3.0m) in combination with the hanging cane treatment. 

Table 8 Mean yield per vine (A) and per hectare (B) of trellis treatments for Thomuscat (J 990-95). 
Subscripts denote significant treatment differences (P<0.05). 

A. Yield per vine (kg) Trellis 
NT WT HC 

1990 16.7b 20.8c 8.4, 
1991 31.7 36.2 26.1 
1992 38.0 35.8 30.7 
1993 12.9 15.5 16.1 
1994 23.2 24.1 22.8 
1995 15.2 17.4 19.1 
mean 23.0 25.0 20.5 

B. Yield per hectare (t) Trellis 
NT WT HC 

1990 22.7 28.3 15.2 
1991 43.1 49.3 47.4 
1992 51.7 48.7 55.7 
1993 17.6 21. 1 29.2 
1994 31.6 32.8 41.4 
1995 20.7 23 .7 34.1 
mean 31.2 34.0 37.3 

(9%) (20%) 



Yield data for the rootstock comparisons are presented in table 9. The data was not analysed in 
1990 because of the low percentage of rootstocks with yields greater than 5 kg. Overall, and in 
1992, 1994 and 1995, full bearing Ramsey vines had significantly lower yields than own roots. In 
addition, the data for the percentage of vines with yields greater than 5 kg indicate that a large 
proportion ofRamsey vines did not establi sh fully and, because of their low yields, were eliminated 
from the statistical analysis as outliers. 

Table 9 Mean yield per vine of own roots (0) and Ramsey(R) vines of Thomuscat (1990-95). The 
percentage of vines with yields greater than 5 kg is included as an indicator for vines in full 
bearing. Subscripts denote significant differences in each season P<O. 05). 

Yield per vine (kg) %vines> 5 kg 
0 R 0 R 

1990 17.5 17.2(!) 47 6 
1991 34.7 28.0 93 28 
1992 43.h 26.\ 96 33 
1993 17.3 12.4 97 56 
1994 29.2b 17.5, 97 56 
1995 21.7b 12. 7, 99 56 

mean (91-95) 29.2b 19.4, 
0) msuffic1ent vme numbers for analysis 

Tho muscat yield data is presented in table 10 for drying method and GA treatments. Except for the 
small but significantly lower yield with trellis drying in 1993, over the seasons there was no 
significant difference in yield between rack and trellis drying. Overall, and in 1993, 1994 and 1995, 
GA treated vines fruit produced significantly more crop than the untreated vines, presumably due to 
the development oflarger bunches as they had similar bunch numbers (table 7). 

Table 10 Mean yield (kg per vine) of drying method (1990-95) and GA treatments of Thomuscat 
(seasons 1993-95). The mean over the seasons 1992-95 is also included for the drying treatments 
to assess carryover effects of trellis drying, first applied inn 1991. Subscripts denote significant 
differences in each season (?<0.05). 

Drying Method GA 
Rack Trellis + 

1990 16.3 14.2 
1991 32.8 34.9 
1992 34.3 35.3 39.7 33.0 
1993 16.7b 12.9, 18.9b 13 .5, 
1994 24.9 21.8 28.9b 20.3, 
1995 15.8 18.6 21.8b 16.1, 
mean 23.5 23.0 27.3b 20.7. 

1992-95 22.9 22.2 



Treatment effects on berry weight, with and without GA application are presented in table 11. In all 
seasons GA treatments significantly increased berry weights across all the other treatments, ie. by 
between 40 and 60% from 1.6 to 2.0 g berries. Interactions between GA application and the other 
treatments were not significant. Trellis treatments had no effect on berry weight in any season. 
Ramsey vines produced smaller berries in most seasons and overall compared to own roots. Trellis 
drying had no effect on berry weight. 

Table 11 Effect of trellis, rootstock, drying method and GA treatment on mean berry weight (g) of 
Thomuscat, 1992-95. Subscripts denote significant treatment differences in each season (P<0.05). 
In all years differences between GA effects were highly significant (P<O. 001). 

Trellis Rootstock Method 

Berry Weight 
+GA 

NT WT HC 0 R Rack Trellis 
1992 2.44 2.34 2.19 2.30 2.34 2.43 2.22 
1993 2.48 2.00 2.13 2.33b 2.08, 2.14 2.28 
1994 3.37 2.66 2.55 2.94b 2.77, 2.70 3 .02 
1995 1.79 1.85 1.86 2.0h 1.66, 1.86 1.86 
mean 2.52 2.21 2.18 2.40b 2.21, 2.28 2.35 

Berry Weight 
-GA 

NT WT HC 0 R Rack Trellis 
1992 1.83 1.80 1.79 1.80 1.82 1.84 1.77 
1993 1.62 1.79 1.77 1.87b 1.51, 1.72 1.66 
1994 1.61 1. 71 1.66 1.92b 1.41, 1.62 1.71 
1995 1.21 1.31 1.39 1.44b 1.16, 1.32 1.34 
mean 1.57 1.65 1.65 1.76b 1.48, 1.63 1.62 

Note: In all years differences between GA effects were highly significant (P<O.OOl) . There were no 
significant interactions between the GA treatment and the other treatments. 



Treatment effects on total soluble solids, pH and titratable acidity are presented fo r Thomuscat in 
table 12. Trellis effects on soluble solids were not consistent, nor significant over the seasons. HC 
treatment had the highest soluble solids in 1992, probably due to its low yield (table 8) and the 
lowest in 1994 and 1995. NT and WT treatments had similar soluble solids except in 1994 when NT 
had a higher level. Ramsey vines which had lower yields (table 9) had significantly higher soluble 
solids than own roots in 1994 and overall. Compared to rack drying, there was a tendency for trellis 
drying to increase total soluble solids which was significant in 1994. Although only significant in 
1995, the non GA vines tended to have higher soluble sugars which can be attributed to the lower 
yields (table 10). The HC treatment produced significantly lower pH levels than NT or WT in 1995 
and overall. Ramsey vines produced significantly higher pH values than own roots in all seasons 
except 1993. Trellis drying had no effect on pH except in 1992 when pH levels were significantly 
higher than with rack drying. Effects of the GA treatment on pH were not consistent, ie. 
significantly higher in 1992 and lower in 1995. Titratable acidity was largely unaffected by trellis 
treatments except in 1994 when HC had significantly higher levels than WT or NT. Rootstock and 
drying method treatments had no effect on titratable acidity. The GA treated fru it had significantly 
higher acid levels in 1995 only. 

Table 12 Effect of trellis, rootstock, dtying method and GA treatment on total soluble solids, pH 
and titratable acidity of Thomuscat, 1992-95. Subscripts denote significant treatment differences in 
each season (P<O. 05). 

Trellis Rootstock Method GA 
Soluble Solids 

(
0Brix) 

NT WT HC 0 R Rack Trellis + -
1992 25. 1. 24.8. 27.4b 24.0 27.6 25.0 26.0 26.0 25.6 
1993 23.3 23.3 22.0 22.7 23.0 23.1 22.6 22.8 22.9 
1994 25.0c 24.0b 23.4. 23.2. 25.h 23.6. 24.6b 23.4 24.8 
1995 29.9b 29.7b 27.7. 28.7 29.5 28.8 29.4 27.8. 30.4b 
mean 25.8 25.5 25. 1 24.1, 26.3b 25. 1 25.6 25.0 25.9 

pH 
NT WT HC 0 R Rack Trellis + -

1992 3.55 3.52 3.50 3.49. 3.56b 3.49, 3.56b 3.59b 3.46. 
1993 3.59 3.68 3.59 3.62 3.62 3.64 3.60 3.62 3.62 
1994 3.48 3.48 3.49 3.42. 3.52b 3.45 3.49 3.45 3.49 
1995 3.76b 3.73b 3.58. 3.67. 3.73b 3.68 3.7 1 3.57. 3.80b 
mean 3.60b 3.60b 3.54, 3.55, 3.6 h 3.57 3.59 3.56 3.59 

Titratable 
Acidity (g L-1

) 

NT WT HC 0 R Rack Trelli s + -
1992 4.72 4.81 4.89 4.90 4.71 4.97 4.75 4.75 4.97 
1993 4.54 4.32 4.53 4.57 4.36 4.44 4.49 4.50 4.43 
1994 4.40. 4.40. 4.94b 4.67 4.49 4.65 4.52 4.58 4.58 
1995 4.03 3.94 3.98 3.91 4.06 3.90 4.07 4.38b 3.69. 
mean 4.42 4.37 4.59 4.5 1 4.41 4.49 4.46 4 .95 4.42 



Dried fiuit samples produced from Thomuscat were in the main, light in colour and had a distinct 
muscat after taste. However, the samples always contained many dark berries resulting from :-

• severe browning of sun exposed berries, noted on fresh fruit 
• problems with emulsion application caused by very compact bunches 
• berry splitting in wetter seasons. 

Consequently, Thomuscat is not recommended for further industry development despite its high 
yields and muscat character. 



Sultana Moscata 

Treatment effects on bunch and shoot number per vine and bunches per shoot are presented for 
Sultana Moscata in table 13. Trellis effects which were only significant over the seasons show that 
NT had the lowest, and HC the highest bunch numbers. A similar trend also occurred over the 
seasons and in 1995 with respect to shoot numbers. Trellis treatments had little effect on fruitfulness 
(bunches per shoot) except in 1995 when NT had significantly higher fruitfulness than WT or HC. 
Ramsey rootstock tended to have fewer bunches and shoots than own roots, signifi cant in 1995 and 
over the seasons (shoots only). Rootstock treatments did not have an effect on fruitfulness. 
Compared to rack drying, trellis drying tended to reduce bunch numbers and fruitfulness, both 
significant over the seasons but had little effect on shoot numbers. The application of GA had little 
effect on bunch or shoot numbers or fruitfulness. 

Table 13 Effect of trellis, rootstock, dtying method and GA treatments on bunch (1992-95) and 
shoot numbers (1993-95) per vine of Sultana Mosca/a. Subscripts denote significant treatment 
differences in each season (P<O. 05). 

Trellis Rootstock Method GA (I) 

Bunches 
per vme 

NT WT HC 0 R Rack Trellis + -
1992 95 115 124 108 115 11 5 100 106 108 
1993 74 79 84 84 68 87 71 75 83 
1994 59 67 76 68 66 70 64 67 6 1 
1995 71 7 1 82 8 lb 683 78 71 71 79 
mean 75. 83b 92c 85 79 88b 773 80 83 

Shoots per 
vme 

NT WT HC 0 R Rack Trellis + -
1993 111 133 117 124 107 120 112 120 11 2 
1994 111 120 133 128 11 5 122 127 126 117 
1995 94. 10h 124c 117b 96, Ill 102 107 106 
mean 105, 118b 125b 123b 106, 118 114 118b 112, 

Bunches 
per shoot 

NT WT HC 0 R Rack Trellis + -
1993 .67 .59 .72 .68 .64 .73 .63 .63 .74 
1994 .53 .56 .57 .53 .57 .57 .50 .53 .52 
1995 .76, .70. .66, .69 . 71 .70 .70 .66 .75 
mean .65 .62 .65 .63 .64 .67b .61, .6 1 .67 



Sultana Moscata yields, calculated per vine and per hectare for the trellis treatments are presented 
for each season in table 14. Significant differences over the six seasons and in 1991 show that WT 
and HC had, respectively, the highest and lowest yields. Conversion of the data to a yield per 
hectare basis shows a 1 0% gain with wide trellis and a considerable advantage ( 19%) in using 
narrower row spacings (ie.2.2m cfto 3.0m) in combination with the hanging cane treatment. 

Table 14 Mean yield per vine (A) and per hectare (B) of trellis treatments for Sultana Moscata 
(J 990-9 5 ). Subscripts denote significant treatment differences (P< 0. 05). 

A. Yield per vine (kg) Trellis 
NT WT HC 

1991 15.9b 20.8c 13 .6a 
1992 24.8 25.0 19.6 
1993 9.1 9.8 11.1 
1994 15 .5 16.7 14.5 
1995 13 .6 15 .1 11.6 
mean 15.9b 17.5c 14.1a 

B. Yield per hectare (t) Trellis 
NT WT HC 

1991 21.6 28.3 24.7 
1992 33.8 34.0 35.6 
1993 12.4 13.3 20.1 
1994 21.1 22.7 26.3 
1995 18.5 20.6 21.1 
mean 21.6 23.8 25.6 

(10%) (19%) 



Yield data for the Sultana Moscata rootstock comparisons are presented in table 15 . Significant 
differences in 1993, and over the seasons indicate that Ramsey yields were lower than own roots. 
However the data for the percentage of vines with yields greater than 5 kg indicate that a large 
proportion ofRamsey vines did not establish fully and, because oftheir low yields, were eliminated 
from the statistical analysis as outliers . 

Table 15 Mean yield per vine of own roots(O) and Ramsey(R) vines of Sultana Moscata (1991-
95). The percentage of vines with yields greater than 5 kg is included as an indicator for vines in 
full bearing. Subscripts denote significant differences in each season P<O. 05). 

Yield per vine (kg) %vines > 5 kg 
0 R 0 R 

1991 16.8 14.8 42 22 
1992 24.6 22.9 93 40 
1993 11.4b 8.73 88 44 
1994 15.8 15.4 92 56 
1995 14.7 12.1 94 58 
mean 16.7b 14.8a 

Sultana Moscata yield data is presented in table 16 for drying method and GA treatments. Trellis 
drying reduced yields significantly in 1993,1994,1995 compared to rack drying. The carryover effect 
of trellis drying was highly significant, mean 1992-95 . GA treatment had no significant effect on 
yield. 

Table 16 Mean yield (kg per vine) of drying method (1991-95) and GA treatments (seasons 1992-
95). The mean over the seasons 1992-95 is also included for the drying treatments to assess 
carryover effects of trellis drying, first applied in 1991. Subscripts denote significant differences in 
each season (P<0.05). 

Drying Method GA 
Rack Trellis + 

1991 17.0 16.6 
1992 24.0 22.4 23.2 24.3 
1993 12.3b 7 .7, 11.4 9.7 
1994 19.2b 12.0, 17.7 14.5 
1995 15.5b 11.3, 15.0 13.4 
Mean 17.6b 14.0, 16.9 15.5 

1992-95 17.8b 13.4, 



Treatment effects on berry weight, with and without GA application are presented for Sultana 
Moscata in table 17. In all seasons GA treatments significantly increased berry weights across all the 
other treatments, ie. by about 25% from 2.2 to 2.7 g berries. Interactions between GA application 
and the other treatments were not significant. Significant trellis treatment effects over the seasons 
show that HC and WT had smaller berries than NT when GA was not applied. When GA was 
applied berry weights were lower with the HC treatment. Ramsey vines produced larger berries in 
1993 than own roots but this trend was not consistent in other seasons and overall. Although never 
significant in any season, there was a trend for trellis drying to reduce berry weight of the GA 
treatment which was significant over the seasons. 

Table 17 Effect of trellis, rootstock, drying method and GA treatment on mean berry weight (g) of 
Sultana Moscata, 1992-95. Subscripts denote significant treatment differences in each season 
(P<0.05). 

Trellis Rootstock Method 

Berry Weight 
+GA 

NT WT HC 0 R Rack Trellis 
1992 2.17 2.40 2.05 2.24 2.07 2.48 1.93 
1993 2.87 2.66 2.82 2.70. 3.00b 2.95 2.76 
1994 4.30c 3.94b 3.123 3.97 3.33 3.98 3 .60 
1995 2.03 2.48 2.27 2.31 2.21 2.40 2.12 
Mean 2.84b 2.87b 2.57. 2.81 2.65 2.95b 2.60. 

Berry Weight 
-GA 

NT WT HC 0 R Rack Trellis 
1992 2.14 1.96 1.75 2.01 1. 63 1.92 1.98 
1993 2.33 1.87 2.53 2. 17. 2.56b 2.60 2.13 
1994 2.83 2.70 2.51 2.71 2.58 2.79 2.57 
1995 1.94 1.75 1.76 1.87 1.76 1.77 1.86 
Mean 2.3 l b 2.07. 2. 14. 2.19 2.13 2.27 2.14 

Note : In all years differences between GA effects were significant (P<0.05). There were no 
significant interactions between the GA treatment and the other treatments. 



Treatment effects on total soluble solids, pH and titratable acidity are presented for Sultana Moscata 
in table 18. Trellis effects on soluble solids, although significant in 1992 and 1995 were not 
consistent HC having the highest level in 1992 and the lowest in 1995. There was no effects of 
Ramsey, trellis drying or GA treatment on total soluble solids. Over the seasons, the WT treatment 
had significantly lower pH than the NT or HC treatments. Except in 1993, Ramsey vines produced 
similar pH values to own roots. Trellis drying had no effect on pH. The GA treatment gave a higher 
pH in 1992 only. Titratable acidity was largely unaffected by trellis treatments ·except in 1994 when 
HC had significantly higher levels than NT. Overall rootstock effects on titratable acidity were 
negligible except that in 1993 when Ramsey had significantly lower acid levels. Drying method and 
GA treatment had no effect on titratable acidity. 

Table 18 Effect of trellis, rootstock, drying method and GA treatment on total soluble solids, pH 
and titratable acidity of Sultana Moscata 1992-95. Subscripts denote significant treatment 
differences in each season (P<0.05). 

Trellis Rootstock Method GA 
Soluble Solids 

(
0Brix) 

NT WT HC 0 R Rack Trellis + -
1992 22.33 21.2a 23.2b 22.5 21.7 21.9 22.5 22.9 21.5 
1993 19.6 19.5 18.1 19.0 19.1 19.6 18.6 18.9 19.1 
1994 18.8 19.3 19.2 19.3 18.5 18.9 19.2 19.3 18.8 
1995 22.3b 21.1 3 20.93 21.7 21.2 21.2 21.6 21.5 21.4 
mean 20.8 20.3 20.4 20.5 20.1 20.4 20.5 20.7 20.2 

pH 
NT WT HC 0 R Rack Trellis + -

1992 3.52 3.37 3.52 3.50 3.49 3.47 3.53 3.60b 3.393 

1993 3.51 3.40 3.41 3 393 3.53b 3.47 3.41 3.43 3.45 
1994 3.40 3.36 3.39 3.39 3.38 3.38 3.36 3.36 3.40 
1995 3.53 3.43 3.58 3.54 3.49 3.45 3.59 3.57 3.47 
mean 3.49b 3.393 3.48b 3.46 3.47 3.44 3.48 3.49 3.43 

Titratab1e 
Acidity (g L" 1

) 

NT WT HC 0 R Rack Trellis + -
1992 4.12 4.17 3.96 4.07 4.10 4.20 3.91 3.97 4.14 
1993 4.63 4.89 4.63 4.88b 4.303 4.62 4.71 4.63 4.70 
1994 4.003 4.23ab 4.43b 4.17 4.26 4.27 4.16 4.19 4.24 
1995 3.68 3.71 3.91 3.69 3.84 3.67 3.86 3.76 3.77 
mean 4.11 4.25 4.23 4.20 4.13 4.19 4.16 4.14 4.21 

Neither the fresh or dried berries of Sultana Moscata developed a distinctive muscat character. 
Generally, the dried fruit samples were a light amber colour but lacked the desirable full-bodied flesh 
characteristics, presumably due to the low fruit maturities at harvest in mid March. The variety is 
not recommended for industry development because of its consistently low yield, low sugar and 
undesirable fruit characteristics. 



Emerald Seedless 

Treatment effects on bunch and shoot number per vine and bunches per shoot are presented for 
Emerald Seedless in table 19. Over the seasons trellis effects were not significant nor consistent with 
HC having the highest and lowest bunch numbers in 1992 and 1995 respectively. Over the seasons, 
and in 1993 NT and HC had the highest and lowest shoot numbers respectively. Significant 
differences in shoot fruitfulness (bunches per shoot) show that NT was the highest and HC the least 
fruitful treatments. Ramsey rootstock had similar bunch numbers to own roots, except when lower 
in 1995. Ramsey vines produced similar shoot numbers to own roots although overall Ramsey 
shoots were less fruitful. Trellis drying produced a significant reduction in bunch and shoot numbers 
compared to rack drying, but had no effect on fruitfulness over the seasons. The application of GA 
had no effect on bunch or shoot number or fruitfulness. 

Table 19 
Effect of trellis, rootstock, drying method and GA treatments on bunch (1992-95) and shoot 
numbers (1993-95) per vine of Emerald Seedless. Subscripts denote significant treatment 
differences in each season (P<O. 05). 

Trellis Rootstock Method GA 
Bunches 
per vme 

NT WT HC 0 R Rack Trellis + -
1992 93.3. 93.4. 1 08.4b 101.2 97.3 100.5 96.3 96.1 100.6 
1993 61.2 62.7 63.2 61.2 63.6 63.8 59.8 61.7 63.1 
1994 52.1 51.9 51.5 53.5 50.2 54.4 49.3 55.0 48.7 
1995 56.8b 61.0b 48.8. 59.9b 51.3. 57.4 53 .8 57.1 54.1 
mean 65.9 67.3 68.0 69.0 65 .6 69.0b 64.8. 67.5 66.6 

Shoots per 
vme 

NT WT HC 0 R Rack Trellis + -
1993 84.1. 96.6b 98.8b 89.1 97.3 93.9 92.4 92.1 94.3 
1994 83.8 90.2 91.4 88.6 88.3 91.1 85.9 92.3 84.6 
1995 80.4 87.0 95.6 88.1 87.3 89.7 85.7 86.9 88.4 
mean 82.8. 91.3b 95.3c 88.6 91.0 91.6b 87.7. 90.4 89.1 

Bunches 
per shoot 

NT WT HC 0 R Rack Trellis + -
1993 .73 .65 .64 .69 .65 .68 .65 .67 .67 
1994 .62 .58 .56 .60 .57 .60 .58 .60 .58 
1995 .71 .70 .5 1 .68 .59 .64 .63 .66 .61 
mean .69c .64b .57. .66b .60. .64 .62 .64 .62 



Emerald Seedless yields, calculated per vine and per hectare for the trellis treatments are presented 
for each season in table 20. Over the six seasons there was no significant effect of trellis on yield per 
vine. WT and HC had the highest yield in 1991. HC had the lowest yield in 1995. Conversion of 
the data to a yield per hectare basis shows a considerable advantage in using both wide trellis (21%) 
and narrower row spacings (ie.2 .2m cfto 3 .Om) in combination with the hanging cane treatment 
(38%). 

Table 20 Mean yield per vine (A) and per hectare (B) of trellis treatments for Emerald Seedless 
(1990-95). Subscripts denote significant treatment differences (P<O. 05). 

A. Yield per vine (kg) Trellis 
NT WT HC 

1990 17.2 16.9 10.9 
1991 17.83 33 .5b 33.h 
1992 40.5 47.4 38.3 
1993 16.7 17.6 16.1 
1994 23.8 28.5 27.7 
1995 28.3b 31.9b 24.33 

mean 24.1 26.7 25.1 

B. Yield per hectare (t) Trellis 
NT WT HC 

1990 24.4 23.0 19.8 
1991 24.2 45.6 60.1 
1992 55.1 64.5 69.5 
1993 22.7 24.0 29.2 
1994 32.4 38.8 50.3 
1995 38.5 43.4 44.1 

mean 32.9 39.9 45.5 
(21%) {38%) 



Yield data for the rootstock comparisons are presented in table 2 1. Overall, Ramsey yields were 
similar to own roots except in 1991 when they were higher. However the data for the percentage of 
vines with yields greater than 5 kg indicate that a large proportion of Ramsey vines did not establish 
fully in the earlier seasons and, because of their low yields, were eliminated fro m the statistical 
analysis as outliers. 

Table 21 Mean yield per vine of own roots(O) and Ramsey(R) vines of Emerald Seedless (1990-
95). The percentage of vines with yields greater than 5 kg is included as an indicator for vines in 
full bearing. Subscripts denote significant differences in each season P<O. 05). 

Yield per vine (kg) %vines> 5 kg 
0 R 0 R 

1990 15.1 17.4 47 28 
1991 18.7, 37.6b 89 39 
1992 42.2 42.6 99 58 
1993 18.0 18.0 96 61 
1994 30.3 26.7 100 69 
1995 31.4 28.7 100 78 
mean 26.0 28.8 

Emerald Seedless yield data is presented in table 22 for drying method and GA treatments. There 
was a significant carryover effect which reduced trellis drying yields compared to rack drying, mean 
yield 1992-95. Trellis dried yields were significantly lower in the latter years, 1993-1995. GA 
application produced a significant increase in yield in 1992,1994 and 1995 and over the seasons due 
to the enhancement ofbunch weights as bunch numbers were similar. 

Table 22 Mean yield of drying method (1990-95) and GA treatments for Emerald Seedless 
(seasons 1993-95). The mean over the seasons 1992-95 is also included for the d1ying treatments to 
assess can yover effects of trellis drying, first applied inn 199 I. Subscripts denote significant 
differences in each season (P<0.05). 

Drying Method GA 
Rack Trellis + 

1990 15.9 16.5 
1991 27.4 28.9 
1992 39.7 44.5 47.5b 37.3, 
1993 20.4b 13 .2. 19.0 17.0 
1994 29.9b 23.4, 31.3b 25.7, 
1995 32.5b 23.9, 34.9b 25.2, 
mean 27.6 25.1 33.2b 26.3, 
1992-95 30.6b 26.3, 



Treatment effects on berry weight, with and without GA application are presented for Emerald 
Seedless in table 23. In all seasons GA treatments significantly increased berry weights across all the 
other treatments, ie. by between 30-50% from about 2.6 to 3.6 g berries. Interactions between GA 
application and the other treatments were not significant. Trellis effects were not significant over the 
seasons although in 1994 HC had the smallest and NT the largest berries when GA was not applied. 
When GA was applied in 1994 berry weights were lower with the HC treatment. Ramsey vines 
produced larger berries over the seasons compared to own roots. Although never significant in any 
season, there was a trend for trellis drying to reduce berry weight of the GA treatment which was 
significant over the seasons. 

Table 23 Effect of trellis, rootstock, dtying method and GA treatment on mean berry weight (g) of 
Emerald Seedless, 1992-95. Subscripts denote significant treatment differences in each season 
(?<0.05). 

Trellis Rootstock Method 

Berry Weight 
+GA 

NT WT HC 0 R Rack Trellis 
1992 2.72 2.81 2.52 2.59 2.77 2.79 2.58 
1993 3.44 3.29 3.88 3.50 3.58 3.69 3.38 
1994 5.70c 5.39b 4.40a 5.01 5.26 5.60 4 .73 
1995 3.51 3.26 3.53 3.25 3.62 3.54 3.32 

Mean 3.84 3.69 3.58 3.593 3.8h 3.9h 3.503 

Berry Weight 
-GA 

NT WT HC 0 R Rack Trellis 
1992 2.07 1.98 1.79 1.85 2.04 2.01 1.88 
1993 2.58 2.52 3.01 2.56 2.84 2.67 2.74 
1994 3.60b 3.78b 2.87a 3.30 3.53 3.13 3.51 
1995 2.35 2.35 2.56 2.49 3.36 2.47 2.38 
Mean 2.65 2.66 2.56 2.55, 2.94b 2.57 2.63 

Note : In all years differences between G A effects were highly significant (P<O. 00 1). There were no 
significant interactions between the GA treatment and the other treatments. 



Treatment effects on total soluble solids, pH and titratable acidity are presented for Emerald Seedless 
in table 24. Trellis effects on soluble solids were not significant over the seasons, although in 1993 
WT had significantly higher soluble solids. Ramsey rootstock had similar soluble solids to own 
roots. Over the seasons, trellis drying tended to increase soluble solids and GA treatment decrease 
soluble solids. pH was largely unaffected by trellis treatments except in 1994 when HC values were 
higher. Ramsey vines always had higher pH values than own roots. Trellis drying produced 
significantly higher pH values over the seasons and in 1994. The GA treatment gave a higher pH in 
1992 and 1993. Titratable acidity was largely unaffected by trellis treatments, except in 1993 when 
WT and HC had significantly higher levels than NT. Ramsey produced significantly lower levels of 
titratable acidity over the seasons and in 1992 and 1993 . Trellis drying produced lower titratable 
acidity levels over the seasons and in 1994 and 1995. GA treatment produced significantly higher 
acid levels over the seasons and in 1992. 

Table 24 Effect of trellis, rootstock, drying method and GA treatment on total soluble solids, pH 
and titratable acidity of Emerald Seedless, 1992-95. Subscripts denote significant treatment 
differences in each season (P<O. 05). 

Trellis Rootstock Method GA 
Soluble Solids 

('13rix) 
NT WT HC 0 R Rack Trellis + -

1992 24.7 23.2 23 .5 23 .6 24. 1 23.4 24.3 23 .5 24.2 
1993 20.4. 22.9b 20.6, 21.4 21.2 21.2 21.4 21.4 21.2 
1994 20.8 20.2 21.1 20.3 21.1 20.6 20.9 20.3 21.1 
1995 23.5 22.8 23 .1 23 .2 23 .1 22.8 23.5 22.2. 24.h 

Mean 22.4 22.3 22. 1 22.1 22.4 22.0, 22.5b 21.9. 22.7b 

pH 
NT WT HC 0 R Rack Trellis + -

1992 3.56 3.48 3.43 3.40. 3.57b 3.46 3.51 3.56b 3.42a 
1993 3.51 3 .51 3.5 1 3.46, 3.56b 3.49 3.53 3.54b 3.48a 
1994 3.34. 3.33. 3.44b 3.33, 3.4h 3.34, 3.4h 3.38 3.36 
1995 3.44 3.39 3.40 3.37, 3.45b 3.40 3.42 3.39 3.43 

Mean 3.46 3.43 3.45 3.393 3.50b 3.42, 3.47b 3.47 3.42 

Titratable 
Acidity (g L-1

) 

NT WT HC 0 R Rack Trellis + -
1992 4.52 4.64 4.71 5.08b 4.21. 4.71 4.57 5.08b 4.21. 
1993 4.26. 4. 74b 4.51ab 4.79b 4.21. 4.54 4.45 4.49 4.5 1 
1994 4.63 4 .51 4.46 4.64 4.43 4.75b 4.26. 4.61 4.46 
1995 4.20 4.42 4.47 4.47 4.23 4.55b 4.18, 4.48 4.25 

Mean 4.40 4.58 4.54 4.75b 4.27. 4.64b 4.37, 4.67b 4.36, 



Dried fruit samples ofEmerald Seedless were generally an even brown-amber colour. The product 
was very similar to that produced from the seeded variety, Waltham Cross particularly when GA 
treated to increase the berry size (ie. about l.Og dried berry weight). From a management 
perspective, Emerald seedless was very susceptible to infection from powdery mildew. The variety is 
recommended for larger scale industry testing based on its high productivity, large berry size and 
fruit quality characteristics. However, close attention should be given to powdery mildew control 
and management to minimise the effects of trellis drying on yield (ie. irrigation, nutrition, trellising 
and cane cutting to optimise canopy retention after cane severance). 



OVERVIEW AND SUMMARY OF THE MAIN TREATMENT EFFECTS 

The summary of yield per hectare over the 6 years for the 4 varieties and 3 trellis systems presented 
in table 25 shows that all varieties except Sultana Moscata produced similar, high average yields of 
between 30 and 45 tha-1

. The results demonstrate a small benefit from the use of wide trellis (WT) at 
the 3.0m row spacing and a much larger production advantage with the use of closer row spacings 
with hanging canes (HC) for all varieties. Average dried fruit yield of the HC treatment, calculated 
using drying ratios of 3. 5 for Sunmuscat and Tho muscat and 3. 8 for Emerald Seedless would have 
been 11.5, 10.7 and 12.0 tha-1 for Sunmuscat, Thomuscat and Emerald Seedless respectively. By 
contrast, average yield ofthe control, narrow trellis (NT) would have equated to 9.2, 8.9 and 8.7 
tha-1 for Surunuscat, Tho muscat and Emerald Seedless respectively. 

Table 25 Mean yield per hectare (B) of trellis treatments over seasons (1990-95) for the jour 
varieties. 

Trellis 
NT WT HC 

Sunmuscat 32.3 35.1 40.1 
Tho muscat 31.2 34.0 37.3 

Sultana Moscata 21.6 23.8 25.6 
Emerald Seedless 32.9 39.9 45.5 

Mean 29.5 33.2 37.1 
(13%) (26%) 

Bunch weights were not measured in the study. However because it is an important characteristic 
reflecting treatment effects on crop development and also influences emulsion penetration 
particularly with trellis drying a calculated average value for each variety is presented in table 26. 
Compared to NT trellis, WT reduced bunch weight with Sunmuscat but produced a larger bunch 
with Emerald Seedless. HC produced smaller bunches with all varieties except Emerald Seedless. 
Compared to own roots, Ramsey rootstock produced larger bunches with all varieties except Sultana 
Moscata. Drying method tended to have little effect on bunch weight. Application of GA produced 
larger bunch weight with all varieties except Sunmuscat. The non treated Sunmuscat had fewer 
bunches due to carryover effects from GA application the previous season as the treatments were 
alternated for that variety. These probably developed to a greater extent than would be expected if 
the vines had similar bunch numbers. 

Table 26 Mean bunch weight (g) of the 4 varieties, calculated from the mean data of yield and 
bunch number over the seasons (1992-94). 

Trellis Rootstock Method GA 
Bunch 

Weight (g) 
NT WT HC 0 R Rack Trellis + -

Surunuscat 217 181 151 157 2 18 180 183 173 179 

Thomuscat 204 210 16 1 138 196 185 197 229 178 

Sultana 2 12 2 11 153 196 187 200 182 21 1 187 
Moscata 

Emerald 366 397 369 377 439 400 387 492 395 
Seedless 



For varietal comparisons, a summary of the main treatment effects on yield per vine and yield 
components over the seasons, expressed as a percentage of the control treatment (ie. NT, own roots, 
rack drying and no GA treatment) is presented in table 27. Apart from the increase in bunch number 
and decrease in bunch weight with Sun.rnuscat and the higher bunch numbers and yield with Sultana 
Moscata responses to the wide T -trellis were in the main, small or non significant. The adoption of 
wide T -trellis under the conditions of these studies cannot be justified. By con~rast, the hanging cane 
system in combination with narrow rows (HC) provided a significant yield advantage on a per 
hectare basis (table 25) as yields were not significantly different to NT, except with Sultana Moscata. 
The higher number of smaller bunches with Sunmuscat, Tho muscat and Sultana Moscata may have 
distinct management advantages for trellis drying for the HC over the NT treatment, particularly 
taking into account the spread offruit in the vertical plane. 

Table 27 Summary of the main treatment effects on yield per vine and yield components expressed 
as a percentage of the control treatments (ie. NT, own roots, rack drying and no GA treatment) 
calculated from the mean data over seasons. Only significant effects are included. 

Sunmuscat WT HC Ramsey Trellis Drying GA 
yield ns Ns +15 ns + 19 

bunch no. +26 +36 -17 ns (- 19) 
bunch wt. -17 -30 +39 ns ns 
berry wt. ns Ns +13 -7 +40 

sugar -2 -3 ns +3 -5 
Thomuscat 

yield ns Ns ns ns +32 
bunch no . ns Ns -29 -8 ns 
bunch wt. ns -21 +42 ns +29 
berry wt. ns Ns -12 ns +54 

sugar ns Ns +9 ns ns 
Sultana Moscata 

yield +10 -11 -11 -25 ns 
bunch no. + 11 +23 ns -12 ns 
bunch wt. ns -28 -5 -9 + 13 
berry wt. -5 -9 -5 -6 +27 

sugar ns Ns ns ns ns 
Emerald Seedless 

yield ns Ns ns -14 +26 
bunch no. ns Ns ns -6 ns 
bunch wt. +8 Ns + 16 -3 +25 
berry wt. ns Ns + 12 -10 +4 1 

sugar ns Ns ns +2 -4 

The performance ofRamsey rootstock which were established by field grafting was unsatisfactory as 
a considerable proportion ofthe grafted vines never developed to produce adequate yields. While 
the problem was larger with the muscat selections, due to suspected incompatibilities, it was also a 
problem with Emerald Seedless. For fully established vines, the only variety to produce higher yields 
with Ramsey was Sunmuscat. Ramsey vines had fewer but larger bunches with Sunmuscat, 
Thomuscat and Emerald Seedless (bunch weight only). Effects on berry weight with Ramsey were 
inconsistent across the varieties, being larger with Sun.rnuscat and Emerald Seedless and smaller with 
Thomuscat and Sultana Moscata. 



Varietal responses to trellis drying were inconsistent. They ranged from minor effects on berry 
weight for Sunmuscat and bunch number for Thomuscat, to large reductions in production with both 
Sultana Moscata and Emerald Seedless associated with fewer and smaller bunches and lower berry 
weight. It was noted but not measured, that vine vigour and canopy size of the two affected 
varieties appeared to be smaller compared to Sunmuscat and Thomuscat. GA fesponses produced 
larger berries with all varieties, which were reflected in larger bunches (except with Sunmuscat) and 
higher yields (except Sultana Moscata). Problems of reduced fruitfulness with GA treatments only 
occurred with Sunmuscat. 


