
Cordon bunch removal for 
trellis dried grapes 

 
Dr Mark Downey 

Victorian Department of Primary 
Industries (VICDPI) 

 
Project Number:  DG05001



DG05001 
 
This report is published by Horticulture Australia Ltd to 
pass on information concerning horticultural research 
and development undertaken for the dried grape 
industry. 
 
The research contained in this report was funded by 
Horticulture Australia Ltd with the financial support of 
Australian Dried Fruits Association and the dried grape 
industry. 
 
All expressions of opinion are not to be regarded as 
expressing the opinion of Horticulture Australia Ltd or 
any authority of the Australian Government. 
 
The Company and the Australian Government accept 
no responsibility for any of the opinions or the 
accuracy of the information contained in this report 
and readers should rely upon their own enquiries in 
making decisions concerning their own interests. 
 
 
 
 
 
 
 
 
 
ISBN 0 7341 1823 6 
 
Published and distributed by: 
Horticulture Australia Ltd 
Level 7 
179 Elizabeth Street 
Sydney  NSW  2000 
Telephone: (02) 8295 2300 
Fax:   (02) 8295 2399 
E-Mail:  horticulture@horticulture.com.au 
 
© Copyright 2008 
 
 
 
 
 
 
 



HAL Project Number: DG05001 (29 August 2008) 

 

Cordon bunch removal project for trellis dried grapes 
 

Final report 

 

Authors: Dr Mark Downey and Mr Fred Hancock 

Research Provider: Victorian Department of Primary Industries 



 2

HAL Project Number: DG05001  

 

Project leader:  
Mark Downey Section Leader, Physiology and Food Sciences 

 Department of Primary Industries 

 P.O. Box 905 

 Mildura VIC 3502 

 Ph: (03) 5051 4565 

  

Other key personnel:  
Fred Hancock Technical Officer 

 Department of Primary Industries 

  

Yasmin Chalmers Plant Physiologist - Viticulture 

 Department of Primary Industries 

  

 

 

 

 

Report purpose: 
To communicate the outcomes and recommendations of the project, Cordon bunch 
removal project for trellis dried grapes to the funding body, Horticulture Australia 
Limited and their stakeholders, the dried vine fruit producers of Australia 

 

Acknowledgments: 
Funding for this project was provided by Horticulture Australia Limited, the Australian 
Dried Fruits Association and the Victorian Department of Primary Industries.  

The authors are grateful to participating growers for allowing the project team to conduct 
trials on their vineyards.  

The authors would also like to acknowledge past project leaders Dr Mahabubur Mollah 
(DPI-Horsham) and Alison McGregor (formerly DPI-Mildura) and the assistance of 
Jenny Gordon (DPI-Mildura) who undertook sample collection and processing. Debra 
Partington (DPI-Knoxfield) is also gratefully acknowledged for her assistance with the 
statistical analyses and interpretation of results. 



 3

 

 

 

 

 

 

 

 

 

 

 

 

Report date: 29 August 2008 
 

 

© The State of Victoria, Department of Primary Industries, 2008 

This publication is copyright. No part may be reproduced by any process except in 
accordance with the provisions of the Copyright Act 1968. 

Authorised by the Victorian Government, Cnr Eleventh Street & Koorlong Ave 
IRYMPLE Vic 3498. 

Find more information about DPI on the Internet at: www.dpi.vic.gov.au 

 

 

 

Disclaimers: 
This report is intended as a source of information only. The report provides examples of chemical 
use not currently registered for use on dried grapes in Victoria, and is provided to the Horticulture 
Australia Limited as part of the reporting requirements for project (DG05001). The report is not 
intended for publication or distribution to any other person or organisation. This publication 
may be of assistance to you but, the State of Victoria and its employees do not guarantee that 
the publication is without flaw of any kind or is wholly appropriate for your particular purposes 
and therefore disclaims all liability for any error, loss or other consequence which may arise from 
you relying on any information in this publication. 

Any recommendations contained in this publication do not necessarily represent current 
Horticulture Australia Limited policy. No person should act on the basis of the contents of this 
publication, whether as to matters of fact or opinion or other content, without first obtaining 
specific, independent professional advice in respect of matters set out in this publication.



 4

Table of Contents 
MEDIA SUMMARY...................................................................................................................................................5 
TECHNICAL SUMMARY.........................................................................................................................................6 
INTRODUCTION .......................................................................................................................................................7 
REVIEW OF LITERATURE.....................................................................................................................................9 
INTRODUCTION .......................................................................................................................................................9 
PHYSIOLOGY OF FLOWER DEVELOPMENT...................................................................................................9 
THE ROLE OF HORMONES IN PLANT GROWTH .........................................................................................10 
PHYSIOLOGY OF ABSCISSION ..........................................................................................................................12 
ROLE OF HORMONES IN PROMOTING ABSCISSION..................................................................................12 
CHEMICAL THINNING OF GRAPEVINE FLOWERS AND FRUIT..............................................................12 
SUMMARY AND CONCLUSIONS........................................................................................................................15 
CORDON BUNCH REMOVAL TRIALS ..............................................................................................................16 

CORDON BUNCH REMOVAL WITH CHEMICAL SALTS (2005-06) ..............................................................................16 
Experiment 1: Comparison of Different Chemical Salts....................................................................................16 
Experiment 2: Optimising Application of Calcium Nitrate................................................................................17 
Experiment 3: Extreme Application of Calcium Nitrate ....................................................................................20 
Experiment 4: Application of Exogenous Plant Growth Regulators..................................................................21 
Experiment 5: Use of Urea as an Ammonium Nitrate Substitute.......................................................................23 
Summary of 2005-06 Cordon Bunch Removal Trials ........................................................................................24 

CORDON BUNCH REMOVAL WITH CALCIUM NITRATE (2006-07, 2007-08) .............................................................25 
Experiment 1: Diurnal Timing of Calcium Nitrate Application (2006-07)........................................................25 
Experiment 2: Diurnal Timing of Calcium Nitrate Application (2007-08)........................................................28 
Summary of Calcium Nitrate Removal of Cordon Bunches ...............................................................................30 

CORDON BUNCH REMOVAL WITH ETHREL (2006-07, 2007-08) ..............................................................................30 
Experiment 1: Optimising Application of Ethrel (2006-07)...............................................................................30 
Experiment 2: Optimising Application of Ethrel (2007-08)...............................................................................32 
Summary of Ethrel Removal of Cordon Bunches...............................................................................................34 

GENERAL DISCUSSION........................................................................................................................................36 
RECOMMENDATIONS ..........................................................................................................................................37 
TECHNOLOGY TRANSFER..................................................................................................................................38 

GROWER AND FUNDING BODY PRESENTATIONS: ....................................................................................................38 
ARTICLES, REPORTS, THESES & POSTERS: ..............................................................................................................39 

REFERENCES ..........................................................................................................................................................40 
APPENDICES ...........................................................................................................................................................43 



 5

 

Media Summary 
Mechanisation is the key to the ongoing success of dried grape production. Trellis drying is an 
integral element of the mechanised production system. At harvest, the dried fruit can be 
contaminated by bunches growing in the cordon zone. These bunches are on canes between the 
cordon and the cutting point of the fruiting canes.  Cutting of the canes is done to enable the 
trellis-drying process to occur. In grape varieties such as Sultana this cordon fruit may account 
for around 8% of production, while on more fruitful varieties such as Sunmuscat and Carina 
Currant this could account for 15-20% of vine yield. A chemical treatment to remove these 
bunches has proven one of the last challengers to in full mechanisation of dried grape production. 

Ammonium nitrate had been used to remove these bunches, but restricted access to this chemical 
prompted the industry to seek alternative treatments for cordon bunch removal. A review of 
literature and industry consultation identified sodium nitrate, calcium nitrate, sodium chloride, 
urea, gibberellic acid and Ethrel® as possible alternatives. These chemicals were trialled in the 
first year (2005-06) of the project at a range of concentrations. Calcium nitrate and Ethrel® were 
the most effective treatments. In the following two seasons the project evaluated the 
effectiveness of different rates and timings of application with respect to flower development of 
calcium nitrate and Ethrel®. There was no negative impact on dried fruit yield of Sunmuscat, 
Carina Currant and Sultana and on Sunmuscat and Carina Currant there was also no carry-over 
effect on yield in successive seasons. Spraying was most effective in warm to hot and windy 
conditions at around 1500hours.  

The best treatment for removal of cordon bunches in a mechanised production system is spray 
application of calcium nitrate (2.6% w/v) to cordon bunches at the 6-8 leaf stage (pre-bloom). 
This is the most cost effective of the treatments evaluated in this project. In the event that 
spraying with calcium nitrate is unsuccessful or spraying with calcium nitrate cannot be 
conducted at the ideal time, Ethrel® (0.25-0.5 mL/L) provides a suitable alternative if applied 
around two weeks later (full bloom) to calcium nitrate. Ethrel® and calcium nitrate are not 
currently registered for use in dried grape production; calcium nitrate is used under permit: 
PER10210.  
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Technical Summary 
Mechanisation of dried vine fruit production is an integral element in the economic survival of 
the Australian dried vine fruit industry. One of the elements of mechanised dried grape 
production is trellis drying of fruit. In this production system, fruit growing directly from the 
cordon and on fruiting canes above the point at which canes are cut to facilitate trellis drying is 
perceived by the industry as reducing the quality of dried fruit because it is harvested with the 
dried fruit. In grape varieties such as Sultana this fruit may account for around 8% of production, 
while on more fruitful varieties such as Sunmuscat and Carina Currant this could account for 15-
20% of vine yield.  

Historically, the industry sprayed ammonium nitrate to remove these bunches. Increased security 
measures relating to the purchase, use and storage of ammonium nitrate prompted the industry to 
seek alternative chemicals for the removal of cordon bunch. A review of literature and industry 
consultation identified sodium nitrate, calcium nitrate, sodium chloride, urea, gibberellic acid 
and Ethrel® as possible alterantives. These chemicals were trialled in the first year of the project 
at a range of concentrations and at different application dates. Calcium nitrate and Ethrel® were 
the most effective treatments. In the following two seasons the project evaluated the 
effectiveness of these two chemicals at different rates and timings of application.  

Neither calcium nitrate nor Ethrel® is currently registered agricultural chemical products for use 
on dried grapes.  Ethrel® is currently registered for some viticultural applications; it is not 
currently registered, or permitted, for commercial application to removal of cordon bunches in 
dried grape production.  Calcium nitrate is currently permitted to be used by the Australian 
Pesticides and Veterinary Medicines Authority (APVMA) in accordance with permit number 
PER10210 (Appendix D). 

Calcium nitrate was most effective when applied at a rate of 2.6% (w/v) at the 6-8 leaf stage of 
vine development, which is equivalent to pre-bloom in flower development. In contrast, Ethrel® 
was most effective when applied at around the 10-14 leaf stage of development. This period 
coincides with full bloom but occurs before fruit-set. Ethrel® was effective at 0.5 mL/L (v/v), 
however both the 0.25 and 0.5 mL/L (v/v) treatments were equally effective in many instances. 
There was no negative impact on dried fruit yield when calcium nitrate and Ethrel® were applied 
to Sunmuscat, Carina Currant and Sultana for cordon bunch removal. Furthermore, for 
Sunmuscat and Carina Currant there was also no carry-over effect on yield in successive seasons 
with the use of calcium nitrate and Ethrel®. Spraying with calcium nitrate to remove cordon 
bunches was most effective in warm to hot and windy conditions at around 1500h.  

The best treatment for removal of cordon bunches in a mechanised production system tested 
here, is s spray application of calcium nitrate (2.6% w/v) to cordon bunches at the 6-8 leaf stage 
(pre-bloom). This was also the most cost effective of the treatments evaluated in this project. In 
the event that spraying with calcium nitrate is unsuccessful or spraying with calcium nitrate 
cannot be conducted at the ideal time, Ethrel® (0.25-0.5 mL/L) provides a suitable alternative for 
dried grape growers in that Ethrel® is most effective around two weeks later (full bloom) than 
calcium nitrate. While Ethrel® is currently registered for some viticultural applications; it is not 
currently registered for commercial application to remove cordon bunches in dried grape 
production.  
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Introduction 
Economic considerations have been a major incentive for the mechanisation of Australian dried 
grape production.  Complete mechanisation, especially harvesting, is made difficult by bunches 
that grow too close along the vine cordon, and so cannot be cut by the pruning equipment used to 
cut canes for trellis drying. Hand removal of cordon bunches is costly, so options for chemical 
and physical removal of cordon bunches have been explored by individual growers and as part of 
previously funded research programs (DAV80D - 1995-98, DAV86A - 1997-2000).  There has 
subsequently been widespread adoption of chemical removal of cordon bunches pre-flowering 
using ammonium nitrate.  

Owing to security concerns the use of ammonium nitrate in agricultural and horticultural 
production has been phased out. Thus, it became imperative that the dried grape industry identify 
and evaluate potential alternatives to the use of ammonium nitrate. The trial described in this 
report examined the use of a range of alternative treatments for removal of cordon bunches and 
evaluated their efficiency.  

From the outset of the trial the investigators canvassed a wide range of possible management 
options from the dried vine fruit industry, from the published literature and from members of the 
research community. Members of the dried grape industry expressed a strong interest in 
improving the reliability and efficiency of chemical removal of cordon bunches.  Industry 
identified that adding organosilicone-based wetters might enhance the spread of very low 
volumes of ammonium nitrate across the pre-flowering bunch tissue, increasing the efficiency of 
cordon bunch removal.  An unsuccessful proposal was submitted to HAL in 2003.  The issue was 
rated as highest priority by industry at the 2004 Riverlink industry planning forum, because 
growers could not source ammonium nitrate for flowering in 2005 and were experimenting with 
alternatives, including calcium nitrate and the growth regulator ethephon (Ethrel)®.  Results of 
these treatments have also been very variable. 

The industry was also concerned about the variability in the effectiveness of cordon bunch 
removal previously observed with the use of ammonium nitrate where rates that appeared 
suitable in one season may cause serious burn to surrounding shoots the next season.  Reasons 
for the variability in success of cordon bunch removal are unclear. Anecdotal reports from 
growers suggest possible effects of vineyard soil type, ambient humidity, time of day of the 
application, nitrogen status of the vines, and a possible correlation between bunch development 
stage and chemical rate required.   
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Objectives: 
The project aimed to examine a range of alternative cordon bunch removal treatments and 
evaluate their effectiveness as well as assess the most effective treatments to develop an 
optimised management strategy for the industry.  

 

Methodology: 
1.  Form a steering committee involving key industry representatives, HAL, research staff and 
the ADFA Industry Development Officer. 

2.  Survey and document growers’ practices including anecdotal reports on the influence on 
cordon bunch development stage, application rates, volumes and timing, soil types and vine 
status. 

3.  Review the literature describing the physiology of bunches before and during flowering 
including disruption to shoot growth, inhibition of flowering, burn and the effects on tissue of 
varying ambient conditions.  The review will include techniques and chemicals used in a range 
of crops, in Australia and overseas, for desiccating or removing buds and other plant tissue, or 
preventing fruit set. 

4.  Conduct field trials during flowering 2005 to 2007, to confirm the influence of physiological 
parameters and chemical choice on cordon bunch removal. 

5.  Invite growers from at least 6 properties to participate in trials during the 2007 flowering 
season, as a means of generating broader industry interest in adoption of new recommendations 
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Review of Literature   

Introduction 
The objective of this project was to identify an effective and reliable treatment for removing 
cordon bunches from grapevines as part of mechanised dried fruit production. Previously the 
industry has sprayed ammonium nitrate onto developing cordon bunches, but with security 
concerns limiting availability of that product, alternatives were sought. Possible alternatives may 
act in a similar fashion to ammonium nitrate in causing significant damage to developing 
bunches or may act through other mechanisms such as promoting abscission. Thus, a review of 
the mechanism of ammonium nitrate for the removal of cordon bunches was conducted to 
identify other compounds likely to have a similar effect as ammonium nitrate. In addition, a 
review of the mechanism of flower initiation, development and abscission of fruit or aborted 
flowers and possible treatments that may interfere with the developmental process of promoting 
abscission were also reviewed.  

Physiology of Flower Development 
The first stage of flowering in a grapevine is the formation of an anlagen on the apices of the 
latent buds on shoots, which occurs during the current season.  The second stage in the 
development of an inflorescence primordia or tendril primordia prior to the bud entering 
dormancy, which does not occur until the following season.  The third stage of development 
occurs after bud burst where the inflorescence primordia develops and grows into multiple 
flowers.   

The inflorescence primordia of the major dried fruit variety Sultana (Vitis vinifera L.) develops 
in axillary buds in late November in South Eastern Australia (Barnard and Thomas 1933).  The 
axillary bud continues to develop until the onset of dormancy. The bud at this stage may have 
developed up to 10 leaf primordia and up to four fruiting primordia located between nodes four 
and eight on the bud axis (May 1964). During this phase unsuccessful fruiting primordia develop 
into tendril primordia.  After this stage, no further development occurs until mid August when 
the inflorescence primordia starts to increase in size (May 1964).  At bud burst, in early 
September, rapid growth and division of the inflorescence primordia begins and continues until 
anthesis in November (May and Antcliff 1973, Scholefield and Ward 1975).   

Environmental and cultural factors have been shown to alter the initiation of inflorescence 
primordia in the early stages of bud development (Buttrose 1974).  The sensitivity of induction 
of an inflorescence primordia to environmental factors is greatest 20 days after bud separation 
from the growing apex (Buttrose 1974).   

The effect of temperature on fruitfulness was studied in a range of cultivars (Buttrose 1970), with 
the maximum fruitfulness occurring between 30° and 35° C.  Sultana and Muscat Gordo Blanco 
were found to be unfruitful at 20° C.  In growth cabinets, higher light intensity was also found to 
increase the number and size of grape vine inflorescence primordia, but the effect of low light 
intensity varied between cultivars (Buttrose 1969). The high light treatment in these growth 
cabinet experiments was at only 40% of a typical vineyard in late spring.  The low light levels in 
the growth cabinets have some relevance when compared to the light received by buds in very 
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dense vine canopies.  The mechanism in which low light levels reducing bud fruitfulness was 
suggested to be carbon starvation of that bud at the time of initiation of the inflorescence 
primordia (Buttrose 1974).   

Any environmental or cultural factor that reduces grapevine photosynthesis during the initiation 
of inflorescence primordia could potentially reduce bud fruitfulness.  Increasing water stress was 
found to reduce grapevine fruitfulness in Cabernet Sauvignon (Buttrose 1974) but potentially, 
water logging could have the same effect.  Deficiency of any plant nutrients such as nitrogen, 
magnesium, iron and manganese could also reduce the vine rate of photosynthesis and 
potentially bud fruitfulness.   

However, while these approaches may have the effect of reducing flower number, or flower 
development, the impacts tend to affect the whole plant. While this is obviously not a workable 
solution for removing cordon bunches, utilisation of the plant growth regulators that mediate the 
effects of light, water, nutrition or other factors may have the same effect with the advantage of 
targeted application. A range of plant growth regulators, or hormones, are involved in promoting 
or inhibiting flowering and fruit-set. These include gibberellins, cytokinins, auxins, ethylene and 
abscisic acid.  

The Role of Hormones in Plant Growth 
Gibberellins cause stem and fruit elongation by stimulating cell division and elongation. 
Gibberellins are also involved in plant dormancy, can induce maleness in dioecious flowers, 
parthenocarpic (seedless) fruit development and delay senescence (Salisbury and Ross, 1992). In 
flower development gibberellins promote formation of the anlagen and the growth of tendrils, 
but inhibit the growth of the inflorescence primordial (Srinivasan and Mullins 1980, Boss and 
Thomas 2002). Gibberellic acid (GA) has been used to thin grape clusters with the greatest effect 
at full flowering with around 20ppm GA, although GA can be effective from 50% capfall 
onwards (Weaver and Pool 1971a, Weaver and Pool 1971b, Miele et. al. 1978, Looney 1981). 
However, application of GA can also reduce or delay bud burst in the season following 
application (Weaver 1975).  

Cytokinins are adenine derivatives synthesised in the root tips and are potent growth factors that 
can greatly accelerate plant development and growth (Raven et al. 1992). Cytokinins stimulate 
cell division, shoot and bud initiation and inflorescence primordial formation, as well as the loss 
of apical dominance resulting in the growth of lateral buds. Cytokinins also cause leaf expansion 
and may enhance stomatal opening and increased transpiration and photosynthesis (Srinivasan 
and Mullins 1979, Salisbury and Ross, 1992). Cytokinins promote flowering (Tse et. al. 1974) 
and increase berry set (Weaver et al. 1965).  When used in conjunction with chlomequat, 
cytokinins will promote flowering in grapevines at lower temperatures than would normally 
induce flowering (Srinivasan and Mullins 1980).  Application of cytokinins to male flowers will 
cause them to become hermaphroditic (Negi and Olmo 1966). Limitations on the commercial use 
of cytokinins are the cost and difficulties associated with application (May 2004).  

Auxins were first discovered as a result of their effect on the tropic responses of plants that grow 
towards light or of seedlings growing upwards in response to gravity. Indole-3-acetic acid (IAA) 
is the only known naturally occurring auxin, however there are a number of synthetic products 
including naphthalene acetic acid (NAA), indolebutyric acid (IBA), 3-chlorophenoxy-alpha-
proionamide (3-CPA), 4-chlorpphenoxyacetic acid (4-CPA). Naturally occurring IAA is 
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synthesised from the amino acid tryptophan in leaf primordia, young leaves and developing 
seeds (Raven et al. 1992).  Auxins stimulate cell elongation and cell division in the cambium, 
they also stimulate root initiation and are involved in the differentiation of xylem and phloem. 
Auxins delay leaf senescence, can inhibit or promote leaf and fruit abscission, can induce fruit-
set as well as delay ripening. Auxins also stimulate the growth of some parts of the flowers, as 
well as the subsequent fruit (May 2004). At high concentrations auxins also stimulates ethylene 
production (Salisbury and Ross, 1992). Low levels of auxins promote flowering while higher 
concentrations inhibit flowering (Leopold and Thimann 1949). 3-CPA and 4-CPA at 1000 ppm 
applied pre-bloom, full-bloom, fruit-set or post-set will result in almost 100% berry loss (Weaver 
and Pool 1971b). Generally, there is limited information on the use of auxins in commercial 
application and the risk of negative whole plant effects is high (May 2004).  

The gas ethylene (C2H4) is synthesised from the amino acid methionine in most plant tissues, 
often in response to stress but also in ripening and senescing tissues (Raven et al. 1992). 
Ethylene stimulates the release of dormancy in seeds and buds, promotes shoot and root growth 
and differentiation as well as adventitious root formation, lateral branching, internode shortening 
and strengthening of stems. Ethylene promotes floral initiation and flower opening as well as 
fruit growth and ripening and can also induce femaleness in dioecious flowers. Ethylene also 
stimulates flower and leaf senescence and leaf and fruit abscission (Dilley 1979; Salisbury and 
Ross, 1992). Ethylene in horticultural production is usually applied as 2-chloroethly phosphonic 
acid under the commercial names of Ethrel® or Ethephon®. Ethephon® has been reported to 
thin grapes (Weaver and Pool 1971b, Dumartin and Boniface 1977, Szyjewicz and Kliewer 
1983).) Ethephon applied at 1000 ppm to Sultana at pre-bloom, full-bloom and fruit-set 100 % 
berry loss and 90% berry loss when applied post fruit-set (Weaver and Pool 1971b). However, 
ethephon can also reduce shoot growth (Weaver and Pool 1971b). Ethrel® when applied to 
Muscat of Alexandria at 100 and 1,000 ppm pre-bloom was effective in removing berries as well 
as 10, 100 and 1,000 ppm applied at full bloom, with the most effective treatments being 1,000 
ppm pre-bloom and 100 and 1,000 ppm at full bloom (Weaver and Pool 1969).  

Abscisic acid (ABA) is synthesised in mature leaves from mevalonic acid, usually in response to 
water stress (Raven et al. 1992). The name abscisic acid is a misnomer with ABA having little to 
do with abscission. ABA stimulates stomatal closure, inhibits shoot growth and promotes the 
growth of roots, ABA also induces seeds to synthesize storage proteins, effects the induction and 
maintenance of dormancy, inhibits the affect of gibberellins and can induce gene transcription of 
proteinase inhibitors in response to wounding which may explain an apparent role in pathogen 
defense (Salisbury and Ross, 1992). Applications of 1000 ppm of ABA at bloom terminates 
fruit-set in Sultana (Weaver and Pool 1971b). The greatest limitation to widespread commercial 
use of ABA in viticultural production is the high cost.  

Application of a number of plant growth regulators to developing flowers and buds can result in 
a significant decrease in flower numbers and fruit-set. However, drawbacks associated with their 
widespread use in cordon bunch removal include delaying bud-burst or reducing fruit-set in the 
following season, and altering flower sex. Thus, use of most plant growth regulators would not 
be suited to cordon bunch removal with the possible exception of Ethephon® or Ethrel® 
depending on the impact possible reduced shoot growth in the following season may have on 
dried fruit yield and quality in following seasons. 
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Physiology of Abscission 
While the plant growth regulators discussed above impact on berry, fruit and whole plant 
development, floral initiation and ripening, many are also involved in the abscission of plant 
organs at various stages of development.  

The ability of higher plants to drop off leaves and fruit by an active separation of cells permits 
self pruning of aged leaves, ripe fruits and unset flowers. This process of abscission has five 
distinct stages (Leopold 1971). The first stage is differentiation of abscission zone. Most leaves 
and fruit have this zone fully developed prior to rapid expansion. The second stage is a period of 
inactivity during which there is no change in the break force required to separate an organ (eg. 
leaf or fruit) from the plant. In the third stage the development of the abscission layer creates a 
structural weakness that reduces the break force required to separate the organ from the plant. 
The fourth stage of abscission is the actual separation of the organ from the plant, followed by 
the final stage of abscission, which is healing of the abscission wound, This occurs in the form of 
cell division to create a protective barrier or suberisation of exposed cells and plugging of 
vascular stands. 

Role of Hormones in Promoting Abscission 
A number of plant growth regulators have been implicated in the abscission of organs from the 
plant. These include gibberellins, auxins, cytokinins, ethylene and abscisic acid. Gibberellic acid, 
as a general growth stimulant enhances growth of the abscission layer (Stage 1) and may reduce 
the length of the static stage (Chatterjee and Leopold 1965) as well as generally promoting 
ethylene production in leaves and fruit (Abeles 1967).   

Auxins delay the transition from the static stage to development of the abscission layer in stage 
three (Rubinstein and Leopold 1963). Reduction in endogenous auxin levels may be the trigger 
for abscission to progress from the static stage to stage three (Burg 1968).  The fruit thinning 
effect of applied auxins could be possibly due to auxins stimulating ethylene production or 
blocking of endogenous auxins.   

Cytokinins are generally inhibitors of abscission, delaying the completion of differentiation of 
the abscission zone in the first stage of abscission. Cytokinins also delay other factors associated 
with aging senescence such as protein and chlorophyll decline (Abeles et. al. 1967).  

Ethylene plays a major role in the development of the abscission layer in the third stage of 
abscission. Ethylene stimulates the release of enzymes involved in the structural deterioration of 
the separation zone (Abeles and Leather 1971). High levels of ethylene have also been found to 
increase the rate of differentiation in the abscission zone during the first stage of abscission 
(Webster and Leopold 1972). Plant growth regulators that promote ethylene production will have 
this effect indirectly.  

The role of abscissic acid in abscission is minor compared to that of auxins and ethylene but can 
enhance the development of the abscission zone and promote the production of ethylene (Abeles 
1967, Osborne 1989).  

Chemical Thinning of Grapevine Flowers and Fruit 
In addition to the plant growth regulators themselves there are a number of products that disrupt 
the action of key hormones involved in plant growth. Some of these are used as herbicides 
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leading to application of some herbicides or herbicide components as treatments for bunch 
thinning 

One of these is morphactin (IT 5733, IT 4433, IT 5735 and IT 3456).  Morphactin blocks the 
transport of IAA and other plant auxins.  At 1,000 ppm morphactin removes more than 90% of 
berries when applied to Sultana pre-bloom, at bloom or fruit-set (Weaver and Pool 1971b). The 
impact of morphactins on grapevine berry set was found to be eliminated when auxin 4-CPA was 
applied (Weaver and Pool 1969). The downside of morphactin use is that application rates of 
greater than 100 ppm reduce shoot growth.  

Glyphosate and paraquat dichloride have also been used for thinning of grapevine flowers. 
Spraying with glyphosate (1% v/v) and paraquat dichloride (1% v/v) reduced fruit at all stages of 
application (Zabadal et. al. 1997). Glyphosate applied after shoots had reached 10 cm of length 
terminated all fruit as did paraquat at 30 cm shoot length (Zabadal et. al. 1997).  There is no data 
on vine performance in subsequent years. 

Salicylic Acid (2-hydroxybenzoic acid) has also been used for flower and fruit thinning.     
Salicylic acid has been applied to Sultana at pre-bloom, bloom, fruit-set and post fruit-set. 
Applications of salicylic acid at fruit-set and post fruit-set resulted in 100% berry loss, while 
90% berry loss was achieved when salicylic acid was applied full bloom at 4000 ppm (Weaver 
and Pool 1971b). Surviving berries had ring scars and tissue necrosis (Weaver and Pool 1971b).   

A range of fertilisers have also been shown to thin berries in grapevines over a range of flower 
and berry development stages (Weaver and Pool 1978b, Zabadal et. al. 1997, Mollah and Krstic 
2000).  Fertiliser damage to inflorescences and fruit is through uptake of the fertiliser through the 
organ’s cuticle.  At the application rate of the fertiliser used to thin fruit in grapevines, most 
fertiliser would enter via mass flow (Wittwer and Teubner 1959, Zabadal et. al. 1997). The plant 
cuticle is relatively permeable to aqueous solutions with ectodesmata and hydrolphilic areas in 
the cuticle major areas of access for solutes into intracellular space and the protoplasm (van 
Overbeek 1956, Gustafson 1957, Franke 1967).  The speed of absorption had previously been 
shown to be greatest at night and in the early morning and with most absorption occurring within 
several hours of application (Walker and Fisher 1957).  There are two possible mechanisms in 
which the fertiliser applications cause necrosis to leaves, stem, inflorescences and berries. The 
first possible mechanism is the damage caused to cell organelles by high levels of individual 
cations and anions. However, the most likely scenario is osmotic stress rupturing cell membranes 
through the uptake of salt or concentrated ionic solutions.  

In order to rank the effectiveness of different fertilisers in the osmotic stress they would produce 
and thus their impact on the plant a ‘salt’ index was developed (Rader et. al. 1943) with different 
compounds rated against a sodium nitrate standard (Table 1).  
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Table 1.  Modified salt index, percent nutrient composition in each fertiliser and the relative 
injury per unit of nutrient of common fertilisers expressed as a percentage, Sodium nitrate used 
as a standard (Rader et. al. 1943).    

Fertiliser Salt 
index 

% Nutrient Relative injury per 
unit of nutrient 

Nitrogen    
Urea 75.4 46.6 27 
Mono-ammonium phosphate 29.9 12.2 40 
Di-ammonium phosphate 34.2 21.2 27 
Ammonium nitrate 104.7 35 49 
Ammonium sulfate 69 21.2 54 
Calcium nitrate 52.5 11.9 73 
Potassium nitrate 73.6 13.8 88 
Sodium nitrate 100 16.5 100 

Phosphorous    
Single superphosphate 7.8 8.6 6 
Triple superphosphate 10.1 20.6 4 
Mono-ammonium phosphate 26.5 29.9 8 
Di-ammonium phosphate 23.1 34.2 11 

Potassium    
Potassium chloride 114.3 52.4 36 
Potassium nitrate 73.6 38.7 26 
Potassium sulfate 46.1 44.9 14 

Others    
Calcium carbonate 4.7 40.0 1.4 
Gypsum 8.1 15.0 8.1 

 
The data in Table 1 show a number of fertilisers with high salt indices, however some of these 
have only low injury rates on plant tissues. Several of these have also been used in crop thinning 
experiments. In crop thinning experiments with ammonium nitrate, it was shown that fruit 
removal was effected with 120 and 750 g/L applications at four growth stages. Application at 
later growth stages increased effectiveness (Zabadal et. al. 1997).  Other research has shown 
ammonium nitrate to be the most effective at the rate of 2.5% (w/v) applied at the nine leaf stage 
or at 3% (w/v) applied at the thirteen leaf stage of Sultana and Carina Currant (Mollah and Krstic 
2000). 

Copper sulphate (7.5 g /L) has also been evaluated on 30 cm long shoots with a similar result to 
ammonium nitrate (Zabadal et. al. 1997). Potassium iodine has achieved greater than 90% 
thinning in Sultana at a rate of 4000 ppm applied at pre-bloom and bloom (Weaver and Pool 
1971b).  

Urea has also been assessed for fruit and flower removal. Urea was observed to induce tissue 
necrosis, but not at the same speed as other treatments. Where other treatments may have an 
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observable impact within one to four days, the effect of urea applications took two to three 
weeks to manifest itself (Mollah and Krstic 2000). The action of urea in thinning of berries is 
unlike that of any other fertiliser or of published literature on urea toxicity in leaves. The delayed 
effect could be a unique response of grape berries to urea or ammonium toxicity and the likely 
mode accounting for the slow response is urea acting as a protein denaturant and enzyme 
inhibitor (Engel 1977). 

Fertiliser treatments that have not been trialled but that the salt index (Table 1) suggests to be 
suitable include calcium nitrate, which resulted in 73% injury and potassium nitrate that resulted 
in 88% injury relative to sodium nitrate. Sodium nitrate would also be a good candidate for 
chemical removal or cordon bunches.  

 

Summary and Conclusions 
A wide range of compounds have been shown to impact on flower development and fruit-set. 
These include plant growth regulators (plant hormones) as well as chemical applicants such as 
herbicides and fertilisers. While a number of potential strategies for removal of cordon bunches 
are suggested by the published literature, some of these are limited by cost, undesirable side- or 
carry-over effects, or other limitations. Nevertheless, several potential approaches could be 
trialled based on this review.  

Of the plant growth regulators, ethylene appears to be the most promising. Ethylene applied as 
either Ethrel® or Ethephon® could be trialled for use in cordon bunch removal but it would be 
important to assess any possible carry-over effects such as reduced cane growth or fruitfulness in 
following seasons.  

Of the chemical sprays, such as fertilisers or herbicides, the most promising, appear to be sodium 
nitrate, potassium nitrate and calcium nitrate. As with ethylene, side-effects or carry-over effects 
need to be evaluated.  
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Cordon Bunch Removal Trials 
A number of experimental field trials were set up and conducted during flowering in 2005 to 
determine the influence of physiological parameters and chemical choice on cordon bunch 
removal. The trials were based on outcomes of an ADFA workshop (September 2005), attended 
by industry and researchers aimed at identifying priorities and research directions. 

The results from the 2005-06 season were analysed and presented to industry. Additional field 
trials were conducted in 2006-07 and 2007-08 to refine treatments and gain insight into the most 
appropriate treatment for cordon bunch removal on the major dried vine fruit varieties in 
Australia.  

Cordon Bunch Removal with Chemical Salts (2005-06) 
Ammonium nitrate, as historically used for cordon bunch removal, was also widely used for 
agricultural and horticultural fertilisation. A common observation in agricultural and 
horticultural production is the damage caused by high fertiliser concentrations, referred to as 
“salt damage”. Salt, in this case, referring to a chemical salt such as ammonium nitrate or 
calcium nitrate or any of a range of other compounds that are formed as the reaction products of 
an acid and a base. For example sodium hydroxide (NaOH or caustic soda) and hydrochloric acid 
(HCl) to form common household salt (NaCl) and water.   

Experiment 1: Comparison of Different Chemical Salts 
A range of different salt solutions were applied to Carina Currants in the 2005-06 growing 
season. Four salt treatments were tested including sodium nitrate (N-blast)®, calcium nitrate, 
ammonium nitrate and sodium chloride. Calcium nitrate is currently permitted to be used by the 
Australian Pesticides and Veterinary Medicines 
Authority (APVMA) in accordance with permit 
number PER10210 (Appendix D). A control 
(unsprayed) treatment was also included. 
Treatments were laid out in a randomised block 
design (Appendix A1). The spray application 
was made in the fourth week of October 2005. 
In each of the sprayed treatments, Agral® was 
applied as a wetting agent (1.0 mL/L).  

Effectiveness of each salt treatment was 
assessed by harvesting the cordon fruit in the 
second week of December 2005. The fresh 
weight of fruit from each of the salt sprayed 
treatments was recorded (Figure 1). Although 
common salt (sodium chloride) was an effective 
treatment, it was the least effective of the salts trialled. Of the remaining treatments, calcium 
nitrate appeared to be the most effective. No other data was collected in 2005-06. 

In the following season (2006-07), vines were assessed to determine the carryover effect of the 
salt sprayed treatments on vine yield (Figure 2). Prior to commercial harvest, dried fruit from a 
half vine transect was hand harvested. Bunch number, dry weight and moisture content were 
recorded. The dried fruit weight was adjusted to represent dried fruit at 13% moisture content. 
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Figure 1. Fresh cordon fruit weight of Carina Currant 
bunches (kg/m) from each of the four salt sprayed 
treatments and the unsprayed control in 2005-06. 
Values represent mean+SE (n=4). 
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No variation was observed in the dried fruit yield 
from any of the sprayed treatments compared 
with the control (Figure 2). As a result, no further 
research was conducted on salt spray treatments 
other than calcium nitrate. Sodium chloride was 
the least effective treatment and ammonium 
nitrate was unavailable due to security 
considerations.  Sodium nitrate was not further 
considered because calcium nitrate had already 
been adopted as the best alternative by industry. 
Also, when making a cost comparison calcium 
nitrate mixed at 2.8% cost $0.03/L compared to 
sodium nitrate mixed at 2.3%, which cost 
$0.13/L. These prices exclude the cost of the 
Agral® wetting agent.  These decisions were 
ratified by the ADFA steering committee.  

Experiment 2: Optimising Application of Calcium Nitrate 
As a result of decreasing availability and the added security compliance  of using and storing 
ammoniun nitrate, many dried grape growers had adopted calcium nitrate as an alternative spray 
treatment for removal of cordon bunches. However, similar to the experience with ammoniun 
nitrate, considerable variability was observed in the effectiveness of calciun nitrate to remove 
cordon bunches. A number of possible mechanisms for this variability had been proposed 
including soil type, relative humidity during spraying, timing of application with respect to 
grapevine phenology, timing of application during diurnal cycle, nitrogen status of the vines and 
a possible correlation between developmental stage and application rate.   

While a range of possible mechanisms accounting for variation in effectiveness had been 
proposed, managing the rate of application and the timing of application with respect to 
developmental stage were factors that had previously been shown to increase the efficiency of 
other mechanisation processes, for example spraying of drying emulsion.  Given that experience, 
this experiment was designed to test the rate and timing of calcium nitrate application.  

Calicum nitrate was applied at seven different rates ranging from the unsprayed control to 4.1% 
calcium nitrate by volume (Table 1). The applied rates were selected based on rates that had been 
previously employed by industry. Higher rates were applied to later samples because anecdotal 
evidence suggested that high rates early would damage the growing tip of canes and that it would 
require higher calcium nitrate concentrations to remove older cordon bunch material. Each of 
these application rates was sprayed on five different dates prior to flowering. These were 
between 11th October  and 1st November, 2005. The treatments were applied to a commercial 
block of Carina Currants in the Sunraysia region. The treatmens were aplied according to a 
randomised block design (Appendix A2). In each of the sprayed treatments, Agral® was applied 
as a wetting agent (1.0 mL/L).  

The effectiveness of each of the treatments was assessed by harvesting the remaining cordon 
fruit at around 10 weeks after application of the spray treatments. The harvested fruit was 
weighed and fruit weight for the four field replicates was expressed as the mean ± standard error 
(Table 1).  
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Figure 2. Dried fruit yield (kg/m) of Carina Currants 
in 2006-07, the year following sprayed salt 
treatments (2005-06). Values represent mean+SE
(n=4). 
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Table 1. Fresh weight of Carina Currant cordon bunch fruit (kg/m) for each of the spray treatments and control. 
Fruit was harvested in December 2005, around 10 weeks after application of the spray treatment. Data presented as 
mean ± SE (n=4). NA = no application on these dates. 

Date Control 1%  1.75%  2.5%  3.3% 3.75% 4.1% 
11-Oct-05 0.56±0.08 0.21±0.10 0.16±0.08 0.10±0.02 NA NA  NA 
16-Oct-05 0.56±0.08 NA 0.06±0.02 0.07±0.03 0.05±0.03 NA NA 
23-Oct-05 0.56±0.08 NA 0.05±0.02 NA 0.04±0.01 0.01±0.01 NA 
30-Oct-05 0.56±0.08 NA 0.10±0.03 0.10±0.03 NA 0.11±0.04 0.09±0.04 
08-Nov-05 0.56±0.08 NA 0.37±0.05 0.14±0.03 0.35±0.04 0.26±0.07 0.14±0.03 

 

All spray treatments of calcium nitrate resulted in reduced fresh weight of cordon bunches when 
harvested despite differences in timing of application and spray concentration (Table 1). 
However, the most effective treatment was 3.75% calcium nitrate (w/v) applied at the third 
treatment date (23/10/2005). Sprays of all concentrations of calcium nitrate were highly effective 
when applied on both the second (16/10/2005) and third treatment dates (23/10/2005). By the 
last spray date (08/11/2005) all treatments were noticeably less effective than earlier treatment 
dates.  

Following commercial harvest of the treated vines during the 2005-06 season, winter 
assessments of cane number were made for each spray treatment. Cane numbers were assessed 
after pruning to determine the possible impact of spray on the fruitfulness of replacements canes 
for dried grape production in the following season. Cane numbers were determined per metre of 
cordon for the strongest spray application on each treatment date (Table 2).  For the 2.5% 
calcium nitrate treatment on the first spray date (11/10/2005) and the 3.75% on the third 
treatment date (23/10/2005), there was no difference in cane number from the control. Cane 
number in the 3.3% calcium nitrate treatment was significantly lower than the control, while on 
the last two spray dates (30/10/2005, 8/11/2005) cane number in the 4.1% calcium nitrate 
treatment cane number was higher than the controls (Table 2).  

 
Table 2. Cane number per metre assessed in winter 2005-06 for the strongest spray application on each treatment 
date. These assessments were recorded after the vines had been pruned. Data presented as mean ± SE (n=4). NA = 
not assessed. 

Date No Spray 2.50% 3.30% 3.75% 4.10% 
11-Oct-05 5 ± 0.20 5 ± 0.50 NA NA NA 
16-Oct-05 5 ± 0.20 NA 4 ± 0.62 NA NA 
23-Oct-05 5 ± 0.20 NA NA 5 ± 0.26 NA 
30-Oct-05 5 ± 0.20 NA NA NA 6 ± 0.87 
08-Nov-05 5 ± 0.20 NA NA NA 6 ± 1.18 
 

Findings from the dried fruit Vine Spacing Trial (Krstic M, 2007 DG03004 “Influence of vine 
spacing on productivity and water use efficiency in dried grape production”) established that 40-
70 nodes per metre of cordon would be required to grow high yields and node numbers above 70 
showed little increase in yield. This work was done on Sunmuscat grafted to 1103 Paulsen and 
Sultana grafted to Ramsey. Average cane length on Swingarm trellis would have between 14-20 
nodes per cane. On this basis, even the lower cane number observed in the 3.3% calcium nitrate 
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treatment would still result in a commercially 
viable yield. These results indicate that it is 
unlikely that any of these calcium nitrates 
treatments would have a negative impact on 
yield in the following season.  

In the following season (2006-07), vines were 
assessed to determine the carryover effect on 
dried fruit yield of the various calcium nitrate 
concentrations sprayed during 2005-06. Prior 
to commercial harvest, dried fruit from a half 
vine transect was hand harvested. Bunch 
number, dry weight and moisture content 
were recorded. The dried fruit weight was 
adjusted to represent dried fruit at 13% 
moisture content.  

Following consultation with the project 
steering committee, it was decided to limit 
assessment of the carryover effects on dried 
fruit yield to the strongest calcium nitrate applications on each date. These were 2.5% 11/10/05 
(T1), 3.3% 16/10/05 (T2), 3.75% 23/10/05 (T3), 4.1% 30/10/05 (T4) and 4.1% 8/11/05 (T5) 
(Figure 3).  

While there was no significant difference between treatments, for each of the spray dates the 
yield (kg/m) were equivalent or higher than the yield from the control vines (Figure 3). The 
slightly higher dried fruit yields or greater variability in the yield from the sprayed treatments 
may be the result of nitrogen (nitrate) application as part of the spray treatments (calcium 
nitrate).  

Dried fruit yield was also assessed on these vines 
in the second season (2006-07) after the 
application of the calcium nitrate spray 
treatments. Prior to commercial harvest, dried 
fruit from a half vine transect was hand 
harvested. Bunch number, dry weight and 
moisture content were recorded. The dried fruit 
weight was adjusted to represent dried fruit at 
13% moisture content.  

Dried fruit yields in the third season (2007-08) 
following calcium nitrate treatment were all 
slightly lower than the control (Figure 4). 
However, there was no significant difference 
between the values observed. This may be an 
indication of biennial cropping. In the absence of 
data for these vines prior to the current trial it is 
not possible to attribute this effect to the applied 
calcium nitrate treatments.  
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Figure 4. Fresh cordon fruit weight (kg/m) from 
Sultana sprayed with 2.5% and 7.5% (w/v) calcium 
nitrate, harvested 6-8 weeks after spray treatment 
(December 2005). Treatments were applied 
11/10/2005 (T1), 23/10/2005 (T2) and 08/11/2005 
(T3). Values represent mean+SE (n=6). 

Figure 3. Dried fruit yield of Carina Currants in the year 
following application of calcium nitrate (2006-07) 
showing yield (kg/m) for the highest application rate on 
each treatment date (2.5% 11/10/05 (T1), 3.3% 16/10/05
(T2), 3.75% 23/10/05 (T3), 4.1% 30/10/05 (T4) and 4.1% 
8/11/05 (T5)). Values represent mean+SE (n=4). 
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Experiment 3: Extreme Application of Calcium Nitrate   
Following anecdotal reports of the effectiveness of high concentrations of calcium nitrate on the 
removal of cordon bunches from Sultana, a trial was established to document the effectiveness of 
7.5% (w/v) calcium nitrate as a cordon bunch removal treatment.  

Two application rates were selected, 2.5% (w/v) calcium nitrate, as being the then current 
industry standard application rate, and 7.5% (w/v) calcium nitrate. Treatments were applied to 
two panels (four vines) on three different dates (11/10/2005 (T1), 23/10/2005 (T2) and 8/11/2005 
(T3)) pre-flowering in 2005. Treatments were applied in the field to six field replicates according 
to a randomised block design (Appendix A3). For each of the sprayed treatments, Agral® was 
applied as a wetting agent (1.0 mL/L).  

The effectiveness of a high concentration of calcium nitrate applied to Sultana to remove cordon 
bunches was assessed by recording fresh fruit 
weight harvested from the cordon in December 
2005 (Figure 5).  The application of calcium 
nitrate at 7.5% (w/v) decreased cordon bunch 
fresh weight at both the first and second spray 
events (11/10/2005 and 23/102005), but there 
was no significant difference at the third spraying 
date (8/11/2005). In the second spraying date 
(23/10/2005) there was complete removal of 
cordon bunches with 7.5% calcium nitrate. This 
rate of calcium nitrate applied 2-3 weeks pre-
flowering appears to be the most effective 
treatment. It is interesting to note that at the later 
date (8/11/2005) application of 7.5% calcium 
nitrate was no more effective in removing cordon 
bunches than the industry standard of 2.5% 
despite the three-fold difference in concentration. 
It is also clear from these results that as 
flowering approaches, the effectiveness of 
calcium nitrate in removing cordon bunches 
decreases.   

In the following seasons (2006-07 and 2007-08), 
these vines were also assessed to determine the 
carryover effect on dried fruit yield of the high 
concentration calcium nitrate solution sprayed on 
Sultana during 2005-06. Prior to commercial 
harvest, dried fruit from a half vine transect was 
hand harvested. Bunch number, dry weight and 
moisture content were recorded. The dried fruit 
weight was adjusted to represent dried fruit at 
13% moisture content.  

While there was more variation in the dried fruit yield (kg/m) in the 7.5% calcium nitrate 
treatment, there was no significant difference between the yields of the 2.5% and 7.5% treated 
vines in the following season (2006-07) (Figure 6A). This was contrary to industry expectation, 
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which was that the higher concentration would have a severe negative impact similar to harsh 
frost. While some growers had reported observing signs of severe burning of foliage after 
application of the 7.5% calcium nitrate treatment, the vines recovered quickly and most growers 
did not consider the treatment to have damaged the vines. The data presented here does not 
support the concern that 7.5% calcium nitrate would damage the vines.   

In 2007-08 there were apparent differences in the dried fruit yield between the 2.5% and 7.5% 
treated vines (Figure 6B). However, these were not consistent across spraying dates or with the 
results from 2006-07. Given the inherent variability of Sultana/Ramsey it would be difficult to 
attribute this difference to either the applied treatment or any other cause based on this limited 
dataset.  

Experiment 4: Application of Exogenous Plant Growth Regulators 
Based on the outcomes of the review of literature and anecdotal evidence from industry, a 
number of plant growth regulators were suggested as possible treatments that could be applied to 
the removal of cordon bunches. These included gibberellic acid as, (GA), ethylene and auxin 
(naphthalene acetic acid; NAA). In addition, calcium nitrate was applied for comparison and 
urea was also applied as a possible ammonium nitrate substitute.  

These treatments were applied to Sunmuscat on 1103-Paulsen. Treatments were applied at three 
dates (14/10/2005, 28/10/2005 and 16/1/2005). For this trial, treatments were applied with a 
hand-directed motorised spray unit. Treatments were applied at a range of different rates. 
Progibb® GA was applied at 0.01mL/L, 0.025mL/L and 0.05mL/L on each of the three dates. 
Calcium nitrate was applied at 2.5% and 3.5% (w/v). Ethylene was applied as Ethrel® at 
0.5mL/L and 2.0mL/L. Auxin (NAA) was applied at 0.03mL/L and in combination with Ethrel® 
at 0.5mL/L and NNA 0.03mL/L. Urea was applied at 6% (v/v) on each of the three dates. 
Treatments were applied to four field replicates of three panels each with two vines per panel 
(Appendix A4). For each treatment, Agral® was applied as a wetting agent (1.0 mL/L). 

A number of these chemicals are not currently registered for use in dried fruit production. In this 
trial these chemicals were used under a Category 23 Research Permit from the Australian 
Pesticides and Veterinary Medicines Authority Ethrel® is currently registered for some 
viticultural applications; it is not currently registered, or permitted, for commercial application to 
removal of cordon bunches in dried grape production (Appendix D).  

The effectiveness of plant growth regulators as a cordon bunch removal treatment was assessed 
by recording fresh fruit weight harvested from the cordon in December 2005 (Table 3).  Data for 
the urea and calcium nitrate treatments is also included. Prior to this assessment, it was observed 
that the Progibb® GA treatment had resulted in “clumping” of replacement canes for the 
following season. No further assessment of this treatment was conducted and this treatment was 
abandoned due to the negative impact on the following season’s fruitfulness that would result 
from the observed clumping. Furthermore, while data was not collected on the effectiveness of 
Progibb® GA in removing cordon bunches, it was noted that there was little or no observable 
effect of Progibb® GA on cordon bunch removal.  

The results indicated that calcium nitrate was less effective in removing cordon bunches from 
Sunmuscat than had been observed with Carina Currant. However, this appears to be partly due 
to the use of hand-directed spraying. Observations from this and other trials conducted by the 
research team have consistently showed greater variability from hand-directed spraying 
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compared to the use of commercial spray units. Subsequent anecdotal reports suggest that cordon 
bunch removal is more difficult from Sunmuscat and that the window of opportunity for 
effective application of spray treatments may be narrower for this variety.  

The most effective treatment for removal of cordon bunches from Sunmuscat was 2.0mL/L 
Ethrel® when applied at the latest spraying date (16/11/2005), which would be full-bloom. When 
applied pre-flowering (28/10/2005), the 0.5mL/L Ethrel® was no more effective than calcium 
nitrate, while 2.0mL/L Ethrel® was effective at that time leaving only 0.11 kg/m fresh weight of 
cordon fruit. In comparison, the same treatment applied at full-bloom left only 0.01 kg/m of fruit. 
Sprayed at the later date (16/11/2005) the auxin (NAA) and Ethrel® combination was also 
effective at removing cordon bunches, however it was less effective than Ethrel® alone (Table 
3). Auxin (NAA) and urea were no more effective than calcium nitrate. Based on these results, 
there was no further investigation of auxin or urea after the 2005-06 season. 

 
Table 3. Fresh weight (kg/m) of cordon fruit harvested 6-8 weeks following spray treatment (December 2005) 
showing mean±SE (n=4). Treatments were 2.5% and 3.5% calcium nitrate (CaNO3), 0.5mL/L and 2.0mL/L Ethrel®, 
0.03mL/L NAA/0.5mL/L Ethrel®, 0.03mL/L NAA and 6% (w/v) urea.  

  
Date 

No Spray CaNo3 
2.5% 

CaNo3 
3.5% 

Ethrel 
0.5mL/L 

Ethrel 
2.0mL/L 

NAA / 
Ethrel  

NAA 
0.03ml/L 

Urea 6% 

14-Oct-05 0.76±0.10 0.76±0.14 0.63±0.11 0.55±0.10 0.26±0.08 0.41±0.12 0.78±0.12 0.54±0.11 
28-Oct-05  0.58±0.13 0.47±0.10 0.45±0.10 0.11±0.04 0.48±0.14 0.60±0.11 0.76±0.15 
16-Nov-05   0.57±0.06 0.07±0.04 0.01±0.01 0.14±0.07 0.48±0.05 0.51±0.04 

 

Following commercial harvest of the vines treated during the 2005-06 season, winter 
assessments of cane number were made for each treatment. Cane numbers per metre of cordon 
were assessed prior to pruning to determine the possible impact of spray on the fruitfulness of 
replacements canes for dried grape production in the following season. Cane numbers were 
determined (Table 4). Because cane assessments were carried out on this site prior to the 
vineyard being pruned so numbers reflect the total number of grown which have exceeded on all 
treatments the number of canes per metre required to reach maximum yield.  

 
Table 4. Cane number per metre assessed in winter 2005-06 for each of the spray treatments on three treatment 
dates (14/10/2005, 28/10/2005, 16/11/2005). Assessments were made before the vines had been pruned. Values 
represent mean±SE (n=4).   

Date No Spray Ethrel 
0.5mL/L 

Ethrel 
2.0mL/L 

NAA / Ethrel  NAA 
0.03ml/L 

14-Oct-05 12 ± 0.87 10 ± 0.60 9 ± 1.30 9 ± 0.40 9 ± 1.30 
28-Oct-05 12 ± 0.87 12 ± 1.08 13 ± 0.87 10 ± 0.79 10 ± 0.52 
16-Nov-05 12 ± 0.87 10 ± 0.64 12 ± 0.52 10 ± 0.89 10 ± 0.66 
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In the following season (2006-07), vines were 
assessed to determine the carryover effect on 
dried fruit yield of the Ethrel® treatments 
applied during 2005-06. Prior to commercial 
harvest, dried fruit from a half vine transect 
was hand harvested. Bunch number, dry 
weight and moisture content were recorded. 
The dried fruit weight was adjusted to 
represent dried fruit at 13% moisture content.  

In the following season, yield on the 2.0mL/L 
Ethrel spray treatment on the first treatment 
date (14/10/2005) showed significantly 
reduced dried fruit yield per metre compared 
to all other spray treatments including the 
unsprayed control. These data suggest that the 
stronger Ethrel concentration when applied 
early resulted in a significant carryover effect.  

Comparison of a range of Ethrel® spray treatments suggest that, regardless of strength, Ethrel® 
is most effective when applied later in flower development. In this trial this was at the third 
treatment date (16/11/2005), which was around the time of fruit-set during that season.  

Experiment 5: Use of Urea as an Ammonium Nitrate Substitute 
Urea was identified as a possible substitute for ammonium nitrate. Anecdotal evidence also 
suggested that urea resulted in less damage to grapevine foliage and this was considered an 
indication that less negative impacts or possible carryover effects might be observed with this 
treatment.  

Urea at a range of concentrations (3, 4, 5, 6 and 8% w/v) was applied to single panels (two vine 
plots) with five field replicates in a commercial Carina Currant vineyard (Appendix A5). Spray 
treatments were applied using a hand-directed motorised spray unit. For each of the sprayed 
treatments Agral® was included as a wetting agent at a rate of 1.0 mL/L. This trial was 
conducted on a trial site where the production system did not use Shaw Swingarm trellis. Vines 
were managed on a single cordon hanging cane system. A motorised leaf blower was used to 
disperse excess spray drips and thereby minimise the impact on crop yield.  Treatments were 
applied at five time points starting from 25 October 2005, which was around three weeks pre-
flowering. On that date only the 2.5% (v/v) calcium nitrate treatment was applied. At the 
following treatment date (4/11/2005), calcium nitrate (2.5%) and 3%, 4%, 5% and 6% (w/v) urea 
was applied. On the third date (11/11/2005), calcium nitrate (2.5%) and 3%, 4%, 5%, 6% and 8% 
(w/v) urea was applied. On the fourth date only 8% urea was applied and at the final date 3%, 
4%, 5% and 6% (w/v) urea was applied to vines that had been treated with the same mixtures on 
the first treatment date (25/10/2005).   

 

Figure 6. Dried fruit yield (kg/m) of Sunmuscat 
sprayed with 0.5mL/L and 2.0mL/L Ethrel® applied 
at three dates (14/10/2005 (T1), 28/10/2005 (T2) and 
16/11/2005 (T3)) showing yield in the 2006-07 
season. Values represent mean+SE (n=4).  
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Table 5. Fresh weight yield (kg/m) of cordon fruit harvested 6-8 weeks following spray treatment (December 2005) 
showing mean±SE (n=5). Treatments were 2.5% calcium nitrate (CaNO3) and 3, 4, 5, 6 and 8% (w/v) urea. 
Treatments were applied at five dates with the final treatment a dual application. Values represent mean±SE (n=4).   

 No Spray CaNO3 
2.5%  

Urea  
3%  

Urea  
4%  

Urea 
 5%  

Urea  
6%  

Urea  
8%  

25-Oct-05 0.58 ± 0.07 0.36 ± 0.08      
04-Nov-05 0.58 ± 0.07 0.12 ± 0.03 0.29 ± 0.05 0.29 ± 0.02 0.24 ± 0.07 0.23 ± 0.06  
11-Nov-05 0.58 ± 0.07 0.34 ± 0.09 0.44 ± 0.03 0.47 ± 0.08 0.57 ± 0.06 0.36 ± 0.08 0.33 ± 0.06 
18-Nov-05 0.58 ± 0.07      0.16 ± 0.06 
25-Oct & 28-Nov 0.58 ± 0.07  0.46 ± 0.09 0.40 ± 0.07 0.36 ± 0.10 0.47 ± 0.07  

 

Significant differences between the spray treatments and the control were identified; however 
growers felt that cordon bunch removal was not satisfactory. The most effective treatment was 
the calcium nitrate (2.5% w/v) treatment applied on the 4/11/2005, which removed 79% of the 
cordon fruit compared to the unsprayed control. This treatment has proven effective in previous 
work (Table 1; Experiment 2: Optimising Application of Calcium Nitrate). The most effective 
urea treatment was the 8% (w/v) sprayed on the 18/11/2005, which removed 73% of the cordon 
fruit compared to the unsprayed control. In comparing the cost of the mixed chemical per litre, 
calcium nitrate (2.5% w/v) was $0.03/L while urea at 8% (w/v) was $0.13/L; these prices do not 
include the price of the Agral® wetting agent. The poor results and the higher cost per litre of 
chemical prompted the ADFA Steering committee to advise the project team to conduct no 
further experiments using urea for cordon bunch removal.   

 

Summary of 2005-06 Cordon Bunch Removal Trials 
In the first experiment a range of different chemical salt treatments were sprayed on Carina 
Currant cordon bunches. Treatments included sodium nitrate (N-blast)®, calcium nitrate, 
ammonium nitrate and sodium chloride. Calcium nitrate and sodium nitrate proved to be as 
effective in removing cordon bunches as ammonium nitrate. In all treatments there was no 
significant effect on yield in the following season. The low cost and widespread acceptance of 
calcium nitrate resulted in no further investigation of other salt treatments.  

The second experiment explored a range of calcium nitrate levels sprayed at five different time 
points on Carina Currant cordon bunches. The most effective results were achieved on the 
second and third treatment dates (16/10/2005, 23/10/2005). All spray rates used on these two 
dates achieved around 90% removal compared to the control vines with the 3.75% (w/v) 
treatment sprayed on the 23/10/2005 achieving 98% removal compared to the unsprayed control. 

While the yields varied from year-to-year, the sprayed treatments showed no significant 
reduction in yield in the following two seasons (2006-07, 2007-08). The stronger strength 
calcium nitrate treatment (4.1% w/v) showed no adverse effects on the vine compared to the 
industry accepted rate (2.5% w/v). 

The third experiment conducted in 2005-06 was a trial of a highly concentrated (7.5% w/v) 
application of calcium nitrate sprayed on Sultana on three dates leading up to flowering. On the 
second application date, around one week pre-flowering, 7.5% calcium nitrate was the more 
effective treatment and there was no carryover effect. While this treatment was effective, it was 
not significantly different from the standard 2.5% treatment on the other two dates. Further more, 
the 7.5% treatment increases the risk of burn damage to growing shoots.  
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The fourth series of investigations examined the impact of different plant growth regulators on 
cordon bunch removal in Sunmuscat. Calcium nitrate, Ethrel®, NAA and urea were hand-
sprayed across three dates. Calcium nitrate was not effective, probably due to hand spraying, as 
mechanised spraying at this rate has proven effective, although this may also be partly a varietal 
effect. The auxin (NAA) and urea were not effective treatments for cordon bunch removal. 
Ethrel® was the most effective treatment partially effective on both the second and third 
applications (28/10/2005, 16/11/2005). While the higher Ethrel® concentration was slightly 
more effective, the increased cost would reduce the economic benefit. In the following season 
there appeared to be a carryover effect from the higher concentration of Ethrel® applied at the 
earlier time point (14/10/2005), around three weeks pre-flowering.  

In the final experiment, different rates of urea were trialled at a range of concentrations on 
Carina Currant. Even at the highest rate (8% w/v), urea was not an effective treatment for 
removal of cordon bunches. No further trials were conducted using urea.   

Research conducted during the 2005-06 season showed that the most effective treatments were 
calcium nitrate and Ethrel® and these treatments were to be further investigated. Application of 
calcium nitrate was observed to be most effective when applied around three weeks pre-
flowering. The optimum timing of Ethrel® application remained to be determined.  

 

Cordon Bunch Removal with Calcium Nitrate (2006-07, 2007-08) 
Based on the results from the 2005-06 season and in consultation with the ADFA steering 
committee, it was determined that future trials in this project would focus only on applications of 
calcium nitrate and Ethrel®. Both treatments were applied to Carina Currant and Sunmuscat at a 
range of concentrations.  

Experiment 1: Diurnal Timing of Calcium Nitrate Application (2006-07) 
Results from research conducted in 2005-06 
showed that calcium nitrate was most effective 
when applied at around three weeks pre-
flowering. While the timing of application with 
respect to berry development was well 
established, anecdotal evidence suggested that 
timing during the diurnal cycle was critical. This 
was based on a perceived impact of changes in 
relative humidity throughout the diurnal cycle 
influencing the drying rate of applied spray 
treatments. To explore this, calcium nitrate at 
three concentrations (2.0, 2.6 and 3.5% w/v) was 
applied by a commercial sprayer at the 5-10 leaf 
stage to four field replicates of three panel plots 
of both Sunmuscat (Appendix B1) and Carina 
Currant (Appendix B2) on Swingarm trellis. For 
each treatment Agra®l was applied as a wetting 
agent (1.0 mL/L). Calcium nitrate is currently 
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Figure 7. Fresh cordon fruit weight (kg/m) from 
Sunmuscat cordon-sprayed with 2.0%, 2.6% and 
3.5% (w/v) calcium nitrate, harvested at maturity. 
Treatments were applied at 0800, 1500 and 2200 
hours on 11/10/2006. Values represent mean+SE 
(n=4).
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permitted to be used by the Australian 
Pesticides and Veterinary Medicines Authority 
(APVMA) in accordance with permit number 
PER10210 (Appendix D). 

The effectiveness of the timing of each 
application of calcium nitrate in removing 
Sunmuscat cordon bunches was determined as 
the fresh weight of fruit removed from the 
cordon at fruit maturity, that is, at the time of 
cane cutting for trellis drying. All treatments 
were effective in removing cordon bunches 
compared to the untreated control. The most 
effective treatment was the 3.5% (w/v) calcium 
nitrate applied at 0800h (Figure 8). However, 
there was no significant difference between the 
different rates of calcium nitrate or between the 
different applications times.  

Sunmuscat treated and untreated vines were 
assessed for any impact of the chemical 
treatments on the commercial dried fruit yield 
(Figure 9A). Prior to the grower harvesting the 
dried fruit, a half vine transect (cordon 
assessment transect) was hand harvested at 
about 15-16% moisture. Bunch number, dry 
weight and moisture content were recorded. All 
dry weights stated in the results presented here 
have been adjusted to 13% moisture content.  
For all treatments there was no significant 
difference in dried fruit yield compared with 
the control. Neither was there any significant 
difference between any of the treatments.  

In the following season (2007-08), yield of the 
Sunmuscat vines sprayed in 2006-07 were 
assessed to determine if there was any 
carryover effect from the different rates of 
calcium nitrate application or from the different 
times during the day when the calcium nitrate 
treatments were applied (Figure 9B). There was 
no significant difference in dried fruit yield 
between any of the treatments and the control. 
Neither was there any significant difference 
between any of the treatments. However, in 
2007-08 yields of Sunmuscat were generally 
lower than in the previous season (Figure 9A). 

Treatments - Time

D
rie

d 
fru

it 
w

ei
gh

t (
kg

/m
)

0

1

2

3

4

5

Control No Spray 
2%-0800h 
2%-1500h
2%-2200h
2.6%-0800h 
2.6%-1500h 
2.6%-2200h 
3.5%-0800h
3.5%-1500h 
3.5%-2200h 

Figure 8. Dried fruit yield (kg/m) in 2006-07 (A) and 
2007-08 (B) from Sunmuscat cordon-sprayed with 
2.0%, 2.6% and 3.5% (w/v) calcium nitrate. 
Treatments were applied at 0800, 1500 and 2200 
hours on 11/10/2006. Values represent mean+SE 
(n=4). 
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Figure 9. Fresh cordon fruit weight (kg/m) from 
Carina Currant cordon-sprayed with 2.0%, 2.6% and 
3.5% (w/v) calcium nitrate, harvested at maturity. 
Treatments were applied at 0800, 1500 and 2200 
hours on 11/10/2006. Values represent mean+SE 
(n=4). 
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This was also generally observed across the district and could not be attributed to the treatments 
applied in this trial.  

The effectiveness of the timing of each application of calcium nitrate in removing Carina Currant 
cordon bunches was determined as the fresh weight of fruit removed from the cordon at fruit 
maturity, that is, at the time of cane cutting for trellis drying. All treatments were effective in 
removing cordon bunches compared to the untreated control. The most effective treatment was 
the 3.5% (w/v) calcium nitrate applied at 1500h (Figure 10). The 2.0% calcium nitrate treatment 
applied at 0800h (Figure 10) was less effective than any of the other treatments. There was no 
significant difference between any of the other treatments.  

Carina Currant in that treated with calcium nitrate were assessed for any impact of the sprayed 
treatments on commercial dried fruit yield (Figure 11). Prior to the grower harvesting the dried 
fruit, a half vine transect (cordon assessment transect) was hand harvested at about 15-16% 
moisture. Bunch number, dry weight and moisture 
content were recorded. All dry weights stated in 
the results presented here have been adjusted to 
13% moisture content.  The 2.0% calcium nitrate 
treatment applied at 0800h had a significantly 
lower yield compared to the control. Given the 
higher level of cordon fruit in this treatment 
(Figure 10), this may reflect sampling error. Both 
the 1500h and 2200h applications of the 3.5% 
calcium nitrate treatment had lower yields at 
harvest than the control. For all other treatments 
there was no significant difference in dried fruit 
yield compared with the control (Figure 11A). 
Neither was there any significant difference 
between any of the treatments.  

In the following season (2007-08), yield of the 
Carina Currant vines sprayed in 2006-07 were 
assessed to determine if there was any carryover 
effect from the different rates of calcium nitrate 
application or from the different times during the 
day when the calcium nitrate treatments were 
applied (Figure 11B). There was no significant 
difference in dried fruit yield between any of the 
treatments and the control. Neither was there any 
significant difference between any of the 
treatments. Overall in 2007-08, yields of Carina 
Currant were lower than in the previous season 
(Figure 11A). This was generally observed across 
the district and could not be attributed to the 
treatments applied in this trial.  
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Figure 10. Dried fruit yield (kg/m) in 2006-07 (A) 
and 2007-08 (B) from Carina Currant cordon-sprayed 
with 2.0%, 2.6% and 3.5% (w/v) calcium nitrate. 
Treatments were applied at 0800, 1500 and 2200 
hours on 11/10/2006. Values represent mean+SE 
(n=4). 
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Experiment 2: Diurnal Timing of Calcium Nitrate Application (2007-08)  
Based on the results obtained during research 
conducted in the 2005-06 and 2006-07 seasons, a 
single rate of calcium nitrate application was 
identified. This was 2.6% calcium nitrate (v/v) 
applied to Sunmuscat and Carina Currant by 
commercial recirculating sprayer with Agral® 
(1.0 mL/L) as a wetting agent. Treatments were 
applied to five panel plots as near as possible to 
the 7-8 leaf stage of the canes growing directly 
from the cordon. To improve the quality of the 
data obtained in trials during 2007-08, the number 
of field replicates was increased from four to 
eight. In order to account for possible impacts of 
microclimate in the vineyard, relative humidity 
and temperature were recorded at each treatment 
plot using a hand held weather station (Kestrel® 
3500). Average wind speed was also determined 
for each field site, but not for each replicate.  
Treatments were applied at three different times 
during the diurnal cycle. These were 0800h, 
1500h  and 2200h (Appendix C1). Calcium nitrate 
is currently permitted to be used by the Australian 
Pesticides and Veterinary Medicines Authority 
(APVMA) in accordance with permit number 
PER10210 (Appendix D). 

The effectiveness of the timing of calcium nitrate 
application in removing Sunmuscat cordon 
bunches was determined as the fresh weight of 
fruit removed from the cordon at fruit maturity, 
that is, at the time of cane cutting for trellis 
drying. All treatments were effective in removing 
cordon bunches compared to the untreated 
control. The most effective treatment 
was applied at 1500h, (Figure 12). 
However, there was no significant 
difference between the different times of 
applications.  

There were differences in some of the 
microclimate parameters measured at 
each site and at each field replicate 
(Table 6). Wind speed did not appear to 
have impacted on the effectiveness of 
the spraying, treatments, but higher 
temperature and lower humidity were 
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Figure 12. Fresh cordon fruit weight (kg/m) from 
Sunmuscat cordon-sprayed with 2.6% (w/v) calcium 
nitrate, harvested at maturity. Treatments were 
applied at 0800, 1500 and 2200 hours on 20/10/2007. 
Values represent mean+SE (n=8). 

Table 6. Microclimate data for Sunmuscat field site at time 
of treatment application, six to eight leaf stage (20/10/2007). 
Wind speed for whole site, temperature and pressure for 
each field replicate (n=8).  

73.9 ± 1.415.2 ± 0.20.02200h

18.2 ± 0.334.5 ± 0.113.91500h

39.8 ± 0.522.2 ± 0.210.30800h

Av Hum ±SEAv Temp ±SEAv Wind km/hTime

73.9 ± 1.415.2 ± 0.20.02200h

18.2 ± 0.334.5 ± 0.113.91500h

39.8 ± 0.522.2 ± 0.210.30800h

Av Hum ±SEAv Temp ±SEAv Wind km/hTime
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Figure 11. Dried fruit yield (kg/m) in 2007-08 from 
Sunmuscat cordon-sprayed with 2.6% (w/v) calcium 
nitrate. Treatments were applied at 0800, 1500 and 
2200 hours on 20/10/2007. Values represent 
mean+SE (n=8). 



 29

consistent with the more effective spray treatment applied at 1500h. This was contrary to grower 
expectations, where higher humidity and lower temperatures would improve the effectiveness of 
the spray treatment. Some producers also 
believed that lower wind speeds such as are 
often observed in the late evening and recorded 
here at 2200h would improve the effectiveness 
of the calcium nitrate spraying. However, 
neither of these predictions was supported by the 
data. It appears that hot, dry and windy 
conditions may be more suitable for spraying 
calcium nitrate for cordon bunch removal.  

Sunmuscat treatment vines were also assessed 
for any impact of treatment on commercial dried 
fruit yield (Figure 13). Prior to the grower 
harvesting the dried fruit, a half vine transect 
(cordon assessment transect) was hand harvested 
at about 15-16% moisture. Bunch number, dry 
weight and moisture content were recorded. All 
dry weights stated in the results presented here 
have been adjusted to 13% moisture content. 
For all treatments there was no significant 
difference in dried fruit yield compared with 
the control. Neither was there any significant 
difference between any of the treatments.  

The effectiveness of application timing of 
calcium nitrate in removing Carina Currant 
cordon bunches was determined as the fresh 
weight of fruit removed from the cordon at fruit 
maturity. All treatments were effective in 
removing cordon bunches compared to the 
untreated control. The most effective treatment 
was the 2.6% (w/v) calcium nitrate applied at 
1500h, (Figure 14). However, none of these 
treatments were as effective on Carina 
Currant as they were on Sunmuscat. This 
may be because the Carina Currant trial 
was sprayed slightly later than the 
Sunmuscat, being sprayed at the 7-9 leaf 
stage. There was no significant difference 
between the treatments.  

Of the three application times, the 1500h 
treatment was most effective, although 
because of variation between replicates 
this was not a significant difference. At 
1500h on the date that the calcium nitrate 

60.5 ± 0.713.2 ± 0.20.02200h

31.1 ± 0.222.4 ± 0.118.01500h

65.5 ± 0.813.8 ± 0.216.80800h

Av Hum ±SEAv Temp ±SEAv Wind km/hTime

60.5 ± 0.713.2 ± 0.20.02200h

31.1 ± 0.222.4 ± 0.118.01500h

65.5 ± 0.813.8 ± 0.216.80800h

Av Hum ±SEAv Temp ±SEAv Wind km/hTime

Table 7. Microclimate data for Carina Currant field site at 
time of treatment application, six to eight leaf stage 
(20/10/2007). Wind speed for whole site, temperature and 
pressure for each field replicate (n=8).  
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Figure 13. Fresh cordon fruit weight (kg/m) from 
Carina Currant cordon-sprayed with 2.6% (w/v) 
calcium nitrate, harvested at maturity. Treatments 
were applied at 0800, 1500 and 2200 hours on 
24/10/2007. Values represent mean+SE (n=8). 
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Figure 15. Dried fruit yield (kg/m) in 2007-08 from 
Carina Currant cordon-sprayed with 2.6% (w/v) 
calcium nitrate. Treatments were applied at 0800, 
1500 and 2200 hours on 24/10/2007. Values 
represent mean+SE (n=8). 
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spray was applied wind speed and temperature were higher and relative humidity was lower than 
at 0800h or 2200h (Table 7) suggesting that these conditions are also best for spraying Carina 
Currants.  

The microclimate data (Table 7) shows that on the date that the calcium nitrate treatment was 
applied to the Carina Currants (24/10/2007), the temperature was only in the low 20oC’s rather 
than mid 30oC’s as was the case when the Sunmuscat was sprayed (Table 6). This may also have 
contributed to the reduced effectiveness of the spray treatment on Carina Currant. These data 
suggest that spraying with calcium nitrate for cordon bunch removal is more effective at warmer 
temperatures.  

Carina Currant calcium nitrate treatment vines were assessed for any impact of treatment on 
commercial dried fruit yield (Figure 15). Prior to the grower harvesting the dried fruit, a half vine 
transect (cordon assessment transect) was hand harvested at about 15-16% moisture. Bunch 
number, dry weight and moisture content were recorded. All dry weights stated in the results 
presented here have been adjusted to 13% moisture content. There was no significant difference 
in dried fruit yield compared with the control (Figure 15). Neither was there any significant 
difference between any of the treatments.  

 

Summary of Calcium Nitrate Removal of Cordon Bunches 
From the analyses conducted during the course of these investigations the most effective use of 
calcium nitrate for removal of cordon bunches was a 2.6% solution (w/v) of calcium nitrate with 
1.0 mL/L Agral as a wetting agent applied at the 6-8 leaf stage of vine growth. The timing of 
application during the diurnal cycle was also observed to impact on the effectiveness of spraying 
with conditions in the mid-afternoon being most suitable. The data presented here indicates that 
warm to hot dry and relatively windy conditions seem better suited to calcium nitrate spraying 
for cordon bunch removal. However, this is contrary to the experience of dried grape producers 
using calcium nitrate for cordon bunch removal.  
 

Cordon Bunch Removal with Ethrel 
(2006-07, 2007-08) 
Following analysis of the results from the 2005-
06 season and in consultation with the ADFA 
steering committee, research on Ethrel® as a 
treatment for cordon bunch removal would focus 
on determining the optimum application rate and 
timing with respect to berry development. These 
trials initially focussed on Carina Currant and 
Sunmuscat, however in the final year for the 
project Sultana was also included in the trial.  

Experiment 1: Optimising Application of 
Ethrel (2006-07)  
To determine the optimum procedure for cordon 
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Figure 14. Fresh cordon fruit weight (kg/m) of 
Carina Currant on cordon harvested at fruit maturity. 
Cordon spray treatments were 0.25, 0.5 and 0.75 
mL/L Ethrel® applied at 10-12 (T1) and 15-16 (T2) 
leaf stages. Values represent mean+SE (n=4). 



 31

bunch removal utilising Ethrel®, a trial was designed to apply three rates of Ethrel® (0.25, 0.5 
and 0.75 mL/L) by commercial sprayer with Agral® (1.0 mL/L) as a wetting agent and at two 
different stages of berry development. These were the 10-12 leaf and 15-16 leaf stages. 
Treatments were applied to two panel plots of Carina Currants with four field replicates 
(Appendix B3) and Sunmuscat (Appendix B4). The site with Carina Currant did not use 
Swingarm trellis, but rather a single cordon hanging cane system. Ethrel® is currently registered 
for some viticultural applications; it is not currently registered, or permitted, for commercial 
application to removal of cordon bunches in dried grape production (Appendix D). 

Cordon assessment on Carina Currant was conducted at commercial harvest. A half vine transect 
was assessed and fresh weight of cordon fruit recorded (Figure 16). All spray treatments were 
effective in removing cordon bunches compared with the control. The least effective treatment 
was 0.25 mL/L Ethrel® applied at the 10-12 leaf 
stage. There was no significant difference 
between any of the other Ethrel® spray 
treatments.  

The harvest yield was also assessed using a half 
vine transect and fruit weight was recorded 
(Figure 17). There was no difference in yield 
between the control and the 0.25 mL/L Ethrel® 
applied at either the 10-12 leaf stage or the 15-16 
leaf stage. At both application dates, yield was 
significantly lower in the 0.5 mL/L Ethrel® 
treatment, while there was no consistency in the 
effect of the 7.5mL/L treatment (Figure 17). 
Based on these data the 2.5 mL/L treatment 
applied at the 15-16 leaf stage appears to be the 
most effective with no negative impact on yield. 
However, it must be considered that the nature of 
the trellis system at this site permits some of the 
spray treatment to run down into the fruiting 
zone. This may have skewed these results with 
the stronger concentrations of Ethrel® possibly 
burning fruit and reducing yield.  

In the following season (2007-08) the possible 
carryover effect of the Ethrel® treatments applied 
in 2006-07  was investigated (Figure 18). With 
the exception of the 0.25 mL/L Ethrel® applied 
at the 15-16 leaf stage and the 0.5 mL/L Ethrel® 
applied at the 10-12 leaf stage there was a 
significant increase in yield with Ethrel® 
treatments compared to the control. One possible 
explanation could be that the site was a very 
young patch of vines and that the better 
performing treatments were in a portion of the 
vineyard where conditions had allowed vines to achieve more of their full production potential.  
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Figure 17. Fresh fruit yield (kg/m) of Carina Currant 
at harvest. Treatments were 0.25, 0.5 and 0.75 mL/L 
Ethrel® applied at 10-12 (T1) and 15-16 (T2) leaf 
stages. Values represent mean+SE (n=4). 
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Figure 18. Dried fruit yield (kg/m) of Carina Currant 
at harvest in 2007-08. Treatments were 0.25, 0.5 and 
0.75 mL/L Ethrel® applied at 10-12 (T1) and 15-16 
(T2) leaf stages in 2006-07. Values represent 
mean+SE (n=4). 
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Cordon assessment on Sunmuscat were 
conducted at commercial harvest. A half vine 
transect was assessed and fresh weight of 
cordon fruit recorded (Figure 19). There was no 
significant difference between the controls and 
any of the early (10-12 leaf stage) Ethrel® 
spray treatments sprayed on Sunmuscat. In 
contrast, there was almost complete drop 
removal with the later (15-16 leaf stage) 
Ethrel® spray treatment. Some cordon fruit was 
observed in the 0.25 mL/L 10-12 leaf stage 
treatment, but no cordon fruit was found in 
either the 0.5 mL/L or 0.75 mL/L treatments 
applied at the 15-16 leaf stage (Figure 19).  

The harvest yield was assessed using a half vine 
transect and fruit weight was recorded (Figure 
20). There was no difference in yield between 
the control and any of the Ethrel® treatments 
applied at either the 10-12 leaf stage or the 15-
16 leaf stage. Based on these data there is no 
negative impact on yield using Ethrel® at any 
concentration or at any time in development on 
Shaw Swingarm trellis.  

In the following season (2007-08), the possible 
carryover effect of the Ethrel® treatments 
applied in 2006-07 was investigated (Figure 
21). There was no significant difference in yield 
between any of the treatments and the control in 
the 2007-08 harvest. This indicates that there 
was no carryover effect of spraying Ethrel® on 
Sunmuscat using the Shaw Swingarm trellis 
production system.  

Experiment 2: Optimising Application of 
Ethrel (2007-08)  
To continue the investigations into the possible 
application of Ethrel® as a spray treatment for 
the removal of cordon bunches, the ADFA 
steering committee in consultation with the 
project team determined the project objectives 
for the final year of the trial. The project team 
and steering committee decide to continue the 
Ethrel® trials using only two rates of Ethrel® 
concentration (0.25 mL/L and 0.5 mL/L) with 
Agral® (1.0 mL/L) as a wetting agent. These 
would be applied at the same growth stages as in the 2006-07 season (10-12 and 15-16 leaf 
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Figure 19. Fresh cordon fruit weight (kg/m) of 
Sunmuscat at harvest. Treatments were 0.25, 0.5 and 
0.75 mL/L Ethrel® applied at 10-12 (T1) and 15-16 
(T2) leaf stages. Values represent mean+SE (n=4). 
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Figure 20. Dried fruit yield (kg/m) of Sunmuscat 
at harvest. Treatments were 0.25, 0.5 and 0.75 
mL/L Ethrel® applied at 10-12 (T1) and 15-16 
(T2) leaf stages in 2006-07. Values represent 
mean+SE (n=4). 
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Figure 21. Dried fruit yield (kg/m) of Sunmuscat at 
harvest in 2007-08. Treatments were 0.25, 0.5 and 0.75 
mL/L Ethrel® applied at 10-12 (T1) and 15-16 (T2) 
leaf stages in 2006-07. Values represent mean+SE 
(n=4). 
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stages). The treatments would be applied with a 
commercial sprayer . The treatments would be 
applied to five panel plots of Carina Currants 
with four field replicates (Appendix C3) and 
Sunmuscat (Appendix C4). The site with Carina 
Currant did not use Swingarm trellis, but rather 
a single cordon hanging cane system. The 
Sunmuscat site employed the Swingarm trellis. 
In addition, a trial using the same treatments 
was applied to a Sultana site. The treatments 
were also applied to five panel plots with four 
field replicates (Appendix C5). The Sultana was 
also managed on Shaw Swingarm trellis. 
Ethrel® is currently registered for some 
viticultural applications; it is not currently 
registered, or permitted, for commercial 
application to removal of cordon bunches in 
dried grape production (Appendix D). 

Cordon assessments for Carina Currant in 2007-
08 were conducted at maturity when canes were 
cut for trellis drying. There was significantly 
more cordon fruit on vines treated with the 0.25 
mL/L treatment applied at the 15-16 leaf stage 
than there was with any of the other treatments 
(Figure 22). However, this difference was still 
significantly different from the control. All 
other treatments were effective in removing 
cordon fruit from Carina Currant at both 
development stages (10-12 and 15-16 leaf 
stages).  

At harvest, the dried fruit yield of vines for each 
Ethrel® treatment was determined by half vine 
transect and the fruit weight recorded (Figure 
23). There was no significant difference in yield 
between the control and any of the Ethrel® 
treatments with the exception of the 0.25 mL/L 
treatment applied at the 15-16 leaf stage. This 
was the same treatment that had significantly 
more cordon bunch fruit remaining after spray 
application. It is possible that this reflects the 
young vine age on this site or perhaps some 
error in application of the spray treatment.  

Cordon assessments for Sunmuscat in 2007-08 
were conducted at maturity when canes were 
cut for trellis drying. Cordons were assessed 
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Figure 23 Dried fruit yield (kg/m) of Carina Currant 
at harvest. Treatments were 0.25 and 0.5 mL/L 
Ethrel® applied at 10-12 (T1) and 15-16 (T2) leaf 
stages in 2007-08. Values represent mean+SE (n=4). 
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Figure 24. Fresh cordon fruit weight (kg/m) of 
Sunmuscat harvest. Treatments were 0.25 and 0.5 
mL/L Ethrel® applied at 10-12 (T1) and 15-16 (T2) 
leaf stages. Values represent mean+SE (n=4). 
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Figure 25. Dried fruit yield (kg/m) of Sunmuscat 
harvest. Treatments were 0.25 and 0.5 mL/L Ethrel® 
applied at 10-12 (T1) and 15-16 (T2) leaf stages in 
2007-08. Values represent mean+SE (n=4). 
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Figure 26. Fresh cordon fruit weight (kg/m) of 
Sultana harvest. Treatments were 0.25 and 0.5 mL/L 
Ethrel® applied at 10-12 (T1) and 15-16 (T2) leaf 
stages. Values represent mean+SE (n=4). 
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Figure 27. Dried fruit yield (kg/m) of Sultana 
harvest. Treatments were 0.25 and 0.5 mL/L Ethrel® 
applied at 10-12 (T1) and 15-16 (T2) leaf stages in 
2007-08. Values represent mean+SE (n=4). 
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Figure 22. Fresh cordon fruit weight (kg/m) of 
Carina Currant at harvest. Treatments were 0.25 and
0.5 mL/L Ethrel® applied at 10-12 (T1) and 15-16 
(T2) leaf stages. Values represent mean+SE (n=4). 
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using a half vine transect and fresh fruit weight was recorded (Figure 24). All treatments were 
significantly different from the control with lower cordon fruit weights. The most effective 
treatment was the 0.25 mL/L application of Ethrel® at the 10-12 leaf stage. Cordon bunch 
removal from Sunmuscat was less effective at the 15-16 leaf stage.  

At harvest the dried fruit yield across all of the treatments and the control was determined by 
harvesting fruit in a half vine transect and recording the dried fruit weight (Figure 25). There was 
no significant difference in yield between any of the treatments, nor between the treatments and 
the control. Spraying of Ethrel® on Sunmuscat for cordon bunch removal had no negative 
impact on vine yield.  

Cordon assessments for Sultana vines sprayed with Ethrel® at two application rates (0.25 mL/L 
and 0.5 mL/L) at the 10-12 and 15-16 leaf stages of development were conducted at fruit 
maturity. With the exception of the 0.5 mL/L Ethrel® spray applied at the 15-16 leaf stage, all 
treatments were effective in removing cordon bunches Figure 26). A large amount of variability 
in the data collected from the 0.5 mL/L Ethrel® spray applied at the 15-16 leaf stage accounts 
for this. The most effective treatments were the 0.25 and 0.5 mL/L Ethrel sprays applied at the 
earlier 10-12 leaf stage.  

At harvest, the dried fruit yield of vines for each Ethrel® treatment was determined by half vine 
transect and the fruit weight recorded (Figure 27). There was no significant difference in dried 
fruit yield between the control and any of the spray treatments, neither was there any difference 
between any of the Ethrel® spray treatments.  

 

Summary of Ethrel Removal of Cordon Bunches 
Results presented here showed differences in the effectiveness of timing of Ethrel® application 
with respect to berry development. In the first season (2006-07) the later application times 
appeared to be the most effective while in the second season (2007-08) treatments applied at the 
earlier timing appeared to be more effective. There are a couple of possible explanations for 
these differences. The first possibility is differences in assessment of the growth stage from 
season-to-season with different project team members changing during the course of the project. 
The second possibility could be the possible advancement of the growing season in recent years 
contracting the period between the onset of flowering and fruit-set.  

Growth of replacement canes shooting from the cordon were used as an indicator of flower 
development of cordon bunches with the number of fully opened leaves on each cane counted. It 
is possible that some canes not growing directly out of the cordon were included in the 
assessment in 2006-07. These canes tend to be more vigorous and this may have erroneously 
shifted the timing of spray application with respect to flower development. Visual observations 
of flower development during spray applications and subsequent assessments also indicate 
seasonal differences in the development of cordon bunches that were not consistently linked with 
shoot growth.  

Nevertheless, Ethrel® was an effective treatment for removal or cordon bunches from Sultana, 
Sunmuscat and Carina Currant. Based on our interpretation of the data presented here, the 
optimum timing of application of Ethrel® appears to be at the 10-12 or 10-14 leaf stage with care 
taken in which canes are used when counting leaf number.  
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The most important observation of the trial using Ethrel® for removal of cordon bunches was 
that the effectiveness of Ethrel® occurred later in flower development compared to the time 
when calcium nitrate was most effective.  
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General Discussion 
Mechanisation of dried vine fruit production is critical to the survival of the Australian dried 
grape industry. One of the critical elements of mechanised dried fruit production is trellis drying 
of fruit in conjunction with the use of the Shaw Swingarm trellis. In this production system, 
canes are cut to enable the drying process to occur. Fruit growing on canes between the cordon 
and the cutting point of the fruiting canes do not dry effectively.  At harvest, the dried fruit can 
be contaminated by these bunches growing in the cordon zone. This fruit is perceived by the 
industry to reduce the quality of dried fruit because it is often harvested with the dried fruit in the 
mechanised production system. In grape varieties such as Sultana this fruit may account for 
around 8% of production, while on more fruitful varieties such as Sunmuscat and Carina Currant 
this could account for 15-20% of vine yield. In addition, previous research has shown increased 
berry weight and sugar accumulation in grape berries with crop thinning (Petrie and Clingeleffer 
2006). Based on such research, there was an industry expectation that removal of cordon bunches 
would have a similar effect on grapes on fruiting canes.  

To remove fruit growing in the cordon zone, the industry has traditionally sprayed these bunches 
with ammonium nitrate, which had the effect of removing these bunches in the vicinity of the 
cordon through chemical or salt burning. Security considerations associated with the use of 
ammonium nitrate prompted the industry to seek alternative treatments for the removal of cordon 
bunches. This project was developed to identify and assess alternative treatments for use in 
cordon bunch removal in mechanised dried fruit production.  

A review of literature and widespread industry consultation identified a range of possible 
treatments and a number of these were trialled in the first year (2005-06) of the project. These 
included ammonium nitrate, sodium nitrate, calcium nitrate, sodium chloride, urea, gibberellic 
acid and Ethrel® at a range of concentrations and at different application dates. These trials 
suggested that calcium nitrate and Ethrel® were the treatments most likely to have an effective 
similar to ammonium nitrate. In the following two seasons the project evaluated the effectiveness 
of different rates of application and timings of application with respect to flower development of 
both calcium nitrate and Ethrel®.  

Research over the course of the final two years of the project demonstrated that both calcium 
nitrate and Ethrel® were effective treatments for removal of cordon bunches. Calcium nitrate 
was most effective when applied at a rate of 2.6% (w/v) at the 6-8 leaf stage of vine 
development, which is equivalent to pre-bloom in flower development. In contrast, Ethrel® was 
most effective when applied at around the 10-14 leaf stage of development. This period 
coincides with full bloom but occurs before fruit-set. Ethrel® was effective at 0.5% (v/v), 
however both the 0.25 and 0.5 mL/L (v/v) treatments were equally effective in many instances.  

In assessments of both calcium nitrate and Ethrel® on Sunmuscat, Carina Currant and Sultana 
there was no negative impact on dried fruit yield. Furthermore, for Sunmuscat and Carina 
Currant there was also no carry-over effect on yield in successive seasons with the use of 
calcium nitrate and Ethrel®.  

One of the considerations raised by industry during the development of this project was the 
possible effect of timing during the diurnal cycle of the effectiveness of spray treatments for 
cordon bunch removal. Of particular concern were wind speed, temperature and relative 
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humidity with an expectation that slower drying under cool, still and humid conditions increasing 
the effectiveness of the spray treatment. Upon examination this assumption was not supported 
and the ideal climate for spray treatment with calcium nitrate to remove cordon bunches were the 
warm to hot and windy conditions at around 1500h.  

Calcium nitrate was the most cost effective of the treatments evaluated in this project. Spraying 
of 2.6% (w/v) calcium nitrate plus Agral (1mL/L) was estimate to cost $0.08 per litre and at 
around 2400 litres per hectare the spraying cost would be $194.40 per hectare. In comparison, 
Ethrel® at 0.5mL/L plus Agral (1mL/L) was $0.09 per litre and $211.20 per hectare. While the 
lower rate of 0.25 mL/L would cost $171.60 per hectare the data presented here suggest that a 
rate between 0.25 and 0.5 mL/L should be used. Hand removal at $16.85 per hour and taking 
approximately 32 hours would cost $539.00 per hectare.  

Based on the work presented in this report, the best results based on chemical removal of cordon 
bunches is a spray application of calcium nitrate (2.6% w/v) at the 6-8 leaf stage (pre-bloom). In 
the event that spraying with calcium nitrate is unsuccessful or spraying with calcium nitrate 
cannot be conducted at the ideal time, Ethrel® (0.25-0.5 mL/L) provides a suitable alternative for 
dried grape growers in that Ethrel® is most effective around two weeks later (full bloom) than 
calcium nitrate. While Ethrel® is registered for some viticultural applications; it is not currently 
registered for removal of cordon bunches in dried grape production; calcium nitrate is used under 
permit: PER10210.  

 

 

 

 

Recommendations 
Based on the observations reported here, the recommended treatment for removal or cordon 
bunches in a mechanised production system is spray application of calcium nitrate (2.6% w/v) to 
cordon bunches at the 6-8 leaf stage (pre-bloom). This is the most cost effective of the treatments 
evaluated in this project. In the event that spraying with calcium nitrate is unsuccessful or 
spraying with calcium nitrate cannot be conducted at the ideal time, Ethrel® (0.25-0.5 mL/L) 
provides a suitable alternative for dried grape growers in that Ethrel® is most effective around 
two weeks later (full bloom) than calcium nitrate. This report also indicates that warm to hot and 
windy conditions may increase the effectiveness of spray treatment for removal or cordon 
bunches. However, further research would be required to validate this conclusion. Ethrel® and 
calcium nitrate are not currently registered for use in dried grape production; calcium nitrate is 
used under permit: PER10210.  
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Technology Transfer 

Grower and Funding Body Presentations: 
Title Location and date Presenter/s 
ADFA Merbein Branch AGM. 5th September 2005 Alison McGregor 

“Are you interested in cordon 
bunch removal?” Grower 
workshop discussing 
perceptions experience and 
theories of using ammonium 
nitrate or alternatives for 
cordon bunch removal. 

DPI-Mildura, 7 September 2005  Chair: Ivan Shaw,  
Presenters: 
Alison Macgregor and 
Fred Hancock 

ADFA Red Cliffs Branch 
Grower Day   

2nd October 2005 Alison McGregor 

“Vine cordon bunch removal” 
Field walk 

Alan Greatz’s property, 19 October 
2005 

Alison McGregor 

“Cordon bunch removal” 
steering committee meeting 
(Preliminary results of 2005-
06 experiments) 

DPI-Mildura, 15 June 2006 Chair: Ivan Shaw 
Presenters: 
Mahabubur Mollah, 
Jenny Gordon, and 
Don Wheatly 

“Cordon bunch removal” 
steering committee meeting 
(Preliminary results of 2006-
07 experiments) 

DPI-Mildura, 18 July 2007 Mark Downey and 
Fred Hancock 
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Articles, Reports, Theses & Posters: 
Title Publication and date Author/s 
“Cordon bunch removal for 
trellis dried grapes”  

The Vine, Technical Vol 1 issue 6 
2005, p 30 

Alison MacGregor 

“Cordon bunch removal in 
dried grapes” 

ADFA Field Days poster 2006 Fred Hancock and 
Mark Downey 

Alternatives to ammonium 
nitrate for cordon bunch 
removal 

The Vine, Technical Vol 2 issue 6 
2006, p 22  

Jenny Gordon and 
Mahabubur Mollah 

“Cordon bunch removal trial” ADFA Field Days poster 2007 Fred Hancock and  
Mark Downey 

Chemical removal of cordon 
bunches – a real option 

The Vine, Technical Vol 3 issue 5 
2007, p27 

Mark Krstic, Fred 
Hancock and Kristen 
Pitt 

Chemical removal of cordon 
bunches 2007-08 results. 

HAL Dried Grape, Annual Industry 
Report, page 6, distributed as a 
supplement with the July/August 
Volume 4, Issue 6 of The Vine 2008 

Fred Hancock and 
Mark Downey 

“Cordon bunch removal trial” ADFA Field Days poster 2008 Fred Hancock and 
Mark Downey 

Final Report  
“Cordon bunch removal for 
trellis dried grapes” 

August 31 2008 Mark Downey and 
Fred Hancock 

 



 40

 References 
Abeles, F.B. (1967) Mechanism of action of abscission accelerators. Physiol. Plant. 20:442-454.    

Abeles, F.B. and Leather, G.R. (1971) Abscission: control of cellulase secretion by ethylene. 
Planta. 97:87-91.    

Abeles, F.B., Holm, R.E. and Gahagan, H.E. (1967) Abscission: the role of aging. Plant Physiol. 
42:1351-1356.    

Barnard, C. and Thomas, J.E. (1933) Fruit bud studies. – II The Sultana: Differentiation and 
development of the fruit buds. J. Counc. Sci. Ind. Res. Aus. 6:285-294.    

Boss, P.K. and Thomas, M.R. (2002) Association of dwarfism and floral induction with a grape 
‘green revolution’ mutation.  Nature. 416:847-850. 

Burg, S.P. (1968) Ethylene, plant senescence and abscission. Plant Physiol. 43:1503-1511.    

Buttrose, M.S. (1969) Fruitfulness in grapevines: effects of light intensity and temperature. Bot. 
Gaz. 130:166-173. 

Buttrose, M.S. (1970) Fruitfulness in grapevines: the response of different cultivars to light, 
temperature and daylength. Vitis. 9:121-125.  

Buttrose, M.S. (1974) Fruitfulness in grapevines: effects of water stress. Vitis. 12:299-305.  

Chatterjee, S.K. and Leopold, A.C. (1965) Changes in abscission processes with aging. Plant 
Physiol. 40:96-101.    

Dilley, D.R. (1979) Ethylene and ethylene physiology. In: Plant growth substances (F. Skog, ed.) 
pp392-396. Springer –Verleg, Berlin  

Dumartin, P. and Boniface, J.C. (1977) Essais d’eclaircissage himique avec ethephron. Vignes et 
Vins. 263:7-9.  

Engel, P.C. (1977) Enzyme kinetics.  Wiley, New York.  

Franke, W. (1967) Mechanisms of foliar penetration of solutions. Ann. Rev. Plant Physiol. 
18:281-300.  

Gustafsen, F.G. (1957) Comparative absorption of Cobolt-60 by upper and lower epidermis of 
leaves.  Plant Physiol. 32:141-142.    

Krstic, M. (2007) Vine spacing trial DG03004 ‘Influence of vine spacing on productivity and 
water use efficiency in dried grape production systems.’ Horticulture Australia Final Report. 

Leopold, A.C. (1971) Physiological process involved in abscission.  Hortscience. 6:376-378.  

Leopold, A.C. and Thimann, K.V. (1949) The effect of auxins on flower initiation.  Amer. J. Bot. 
36:342-347.  

Looney, N.E. (1981) Some growth regulator and cluster thinning effects on berry size, berry 
quality and annual productivity of ‘de Chaunac’ grapes. Vitis. 20:22-35.  

May, P. (1964) Über die knospen- und Infloreszenzentwicklung der Rebe. Wein-Wiss. 19:457-
485. 

May, P. (2004) Flowering and fruitset in grapevines. Lythrum Press, Adelaide.  



 41

May, P. and Antcliff, A.J. (1973) The fruitfulness of grape buds I. Measuring bud fruitfulness on 
forced single node cuttings.  Ann. Amélior. Plantes. 23:1-12. 

Miele, A.M., Weaver, R.J. and Johnson, J. (1978) Effect of potassium gibberellate on fruit-set 
and development of Thompson seedless and Zinfandel grapes.  Amer. J. Enol. Vitic. 29:79-82.  

Mollah, M. and Krstic M. (2000) Adoption of mechanised dried vine fruit production systems. 
DFRDC Mildura.  

Negi, S.S. and Olmo, H.P. (1966) Sex conversion in a male Vitis vinifera L. by a kinin.  Science 
152:1624-1625. 

Osborne, D.J. (1989) Abscission. CRC Critical reviews in Plant Sciences. 8:103-129.   

Petrie, P.R. and Clingeleffer, P.R. (2006) Crop thinning (hand versus mechanical), grape 
maturity and anthocyanin concentration: outcomes from irrigated Cabernet Sauvignon (Vitis 
vinifera L.) in a warm climate. Aust. J. Grape Wine Res. 12:21-29.  

Rader, L.F.Jr., White, L.M and Whittaker, C.W.  (1943) The salt index: a measure of the effect 
of fertilizers on the concentration of the soil solution.  Soil Sci.  55:201-218.    

Raven, P.H., R.F. Evert and S.E. Eichhorn. (Eds.). (1992) Biology of Plants. Worth Publishers, 
New York. 

Rubinstein, B. and Leopold, A.C. (1963) Analysis of the auxin control of bean leaf abscission.   
Plant Physiol. 38:262-267.    

Salisbury, F.B. and Ross, C.W. (1992) Plant Physiology. 4th Edition. Wadsworth Publishing 
Belmont, California.    

Scholefield, P.B. and Ward, R.C. (1975) Scanning electron microscopy of the developmental 
stages of the Sultana inflorescence. Vitis. 14:14-19. 

Srinivasan, C. and Mullins, M.G. (1979) Flowering in Vitis: conversion of tendrils into 
inflorescences and bunches of grapes.  Planta. 145:187-192.  

Srinivasan, C. and Mullins, M.G. (1980) Effects of temperature and growth regulators on 
formation of anlagen, tendrils and inflorescences in Vitis vinifera L. Ann. Bot.  45:439-446.  

Szyjewicz, E. and Kliewer, W.M. (1983) Influence of timing of ethephon application on yield 
and fruit composition on ‘Chenin blanc’ grapevines.  Amer. J. Enol. Vitic. 34:53-6. 

Tse, A.T.Y., Ramina, A., Hackett, W.P. and Sachs, R.M. (1974)  Enhanced inflorescence 
development in Bougainvillea “San Siego Red” by removal of young leaves and cytokinin 
treatments.  Plant Physiol.  54:404-407. 

van Overbeek, J. (1956) Absorption and translocation of plant regulators. Ann. Rev. Plant 
Physiol. 7:355-372.    

Walker, D.R. and Fisher, E.G. (1957) The use of chelated Magnesium and Magnesium sulfate in 
correcting magnesium deficiency in apple orchards.   Proc. Am. Soc. Hort. Sci. 70:15-20.    

Weaver, R.J. (1975) Effect of time and application of potassium gibberellate on cluster 
development of ‘Zinfandel’ grapes. Vitis 14:97-102. 

Weaver, R.J. and Pool, R.M. (1969) Effect of ethrel, abscisic acid and morphactin on flower and 
berry abscission and shoot growth in Vitis Vinifera.  J. Amer. Soc. Hort. Sci. 94:474-478.  



 42

Weaver, R.J. and Pool, R.M. (1971a) Thinning of ‘Tokay’ and Zinfandel’ grapes by boom sprays 
of Gibberellin. J Amer. Soc. Hort. Sci.  96: 820-822. 

Weaver, R.J. and Pool, R.M. (1971b) Chemical thinning of grape clusters (Vitis vinifera L.). 
Vitis. 10:201-209. 

Weaver, R.J., van Overbeek, J. and Pool, R.M. (1965) Induction of fruit set in Vitis Vinifera L. 
by a kinin. Nature. 206:952-953. 

Webster, B.D. and Leopold, A.C. (1972) Stem abscission in Phaseolus vulgaris explants. Bot. 
Gaz. 133:292-298.    

Wittwer, S.H. and Teubner, F.G. (1959) Foliar absorption of mineral nutrients. Ann. Rev. Plant 
Physiol. 10:13-32.    

Zabadal, T.J., VanEe, G.R., Dittmer, T.W. and Ledebuhr, R.L. (1997) Evaluation of chemical 
crop adjustment methods for mechanically pruned ‘Concord’ grapevines.  Proceedings for the 
4th International Symposium on Cool Climate Viticulture and Enology, Rochester, New York, 
16-20 July 1996 (T. Henick-Kling, T.E. Wolf and E.M. Harkness, eds.). pp IV 18-23. 
Communications Services, New York State Agricultural Experiment Station, Geneva, New 
York, USA. 



 43

 

Appendices 
 

APPENDIX A1 

Salt Site A. Carina Currant 

Treatment % rate Row 1 Row 2 Row 3 Row 4

1 Control Trt-1 Trt-2 Trt-1 Trt-2

2 N-blast 2.3ml/L Trt-2 Trt-4 Trt-2 Trt-1

3 Calcum nitrate 2.8% Trt-5 Trt-3 Trt-3 Trt-4

4 Ammonium nitrate 1.75% Trt-4 Trt-1 Trt-4 Trt-3

5 Sodium chloride 1.2% Trt-3 Trt-5 Trt-5 Trt-5

Trt-2 Trt-4 Trt Trt-2

Trt-5 Trt-3 Trt-1 Trt-1

Trt-4 Trt-1 Trt-4 Trt-3

Trt-3 Trt-5 Trt-2 Trt-5

Trt-1 Trt-2 Trt-3 Trt-4

Trt-4 Trt-1 Trt-1 Trt-2

Trt-5 Trt-3 Trt-4 Trt-5

Trt-1 Trt-5 Trt-2 Trt-1

Trt-2 Trt-2 Trt-5 Trt-3

Trt-3 Trt-4 Trt-3 Trt-4  
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APPENDIX A2 

Calcium Nitrate Site B. Carina Currant 

Treatment CaNO3 % rate Time Row 1 Row 2 Row 3 Row 4

1 1.75% Date 1 Trt-8 Trt-16 Trt-11 Trt-20

2 1.75% Date 2 Trt-14 Trt-20 Trt-6 Trt-17

3 1.75% Date 3 Trt-13 Trt-11 Trt-15 Trt-9

4 1.75% Date 4 Trt-4 Trt-18 Trt-8 Trt-5

5 1.75% Date 5 Trt-5 Trt- 1 Trt-13 Trt-2

6 2.50% Date 1 Trt-19 Trt-9 Trt-10 Trt-8

7 2.50% Date 2 Trt-15 Trt-5 Trt-19 Trt- 1

8 2.50% Date 3 Trt-7 Trt-7 Trt- 1 Trt-4

9 2.50% Date 5 Trt-8 Trt-4 Trt-14 Trt-7

10 3.30% Date 1 Trt-3 Trt-12 Trt-7 Trt-16

11 3.30% Date 2 Trt-10 Trt-2 Trt-8 Trt-3

12 3.30% Date 3 Trt-2 Trt-10 Trt-16 Trt-11

13 3.30% Date 4 Trt-12 Trt-6 Trt-20 Trt-14

14 3.30% Date 5 Trt-18 Trt-15 Trt-2 Trt-13

15 3.70% Date 3 Trt-20 Trt-19 Trt-5 Trt-15

16 3.70% Date 4 Trt- 1 Trt-3 Trt-9 Trt-19

17 3.75% Date 5 Trt-17 Trt-8 Trt-17 Trt-18

18 4.10% Date 4 Trt-16 Trt-8 Trt-12 Trt-6

19 4.10% Date 5 Trt-6 Trt-17 Trt-18 Trt-6

20 Control Trt-9 Trt-13 Trt-3 Trt-10

Trt-11 Trt-14 Trt-4 Trt-12  



 45

APPENDIX A3  

Calcium Nitrate Site B. Sultana 

Treatment % rate Time Row 1 Row 2 Row 3 Row 4 Row 5 Row 6

1 CaNO3 2.5% Date 1 Trt-2 Trt-6 Trt-1 Trt-2 Trt-6 Trt-6

2 CaNO3 2.5% Date 2 Trt-6 Trt-2 Trt-5 Trt-5 Trt-1 Trt-4

3 CaNO3 2.5% Date 3 Trt-3 Trt-4 Trt-6 Trt-3 Trt-3 Trt-5

4 CaNO3 7.5% Date 1 Trt-5 Trt-3 Trt-4 Trt-1 Trt-2 Trt-1

5 CaNO3 7.5% Date 2 Trt-4 Trt-1 Trt-3 Trt-6 Trt-5 Trt-2

6 CaNO3 7.5% Date 3 Trt-1 Trt-5 Trt-2 Trt-4 Trt-4 Trt-3  
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APPENDIX A4 

Hormones Site C. Sunmuscat 

Kaolin clay was proposed as a treatment, but this idea was later discarded.  

It was also proposed to use a combination of auxin (naphthaleneacetic acid; NAA) and cyclex, 
however this treatment was also discarded prior to application of any treatments.  

Treatment % rate Time Row 2 Row 4 Row 6 Row 8 Row 10 Row 12 Row 14 Row 16

1 GA 1ppm Date 1 Trt-26 Trt-6 Trt-30 Trt-12 Trt-16 Trt-3 Trt-12 Trt-27

2 GA 1ppm Date 2 Trt-2 Trt-10 Trt-14 Trt-16 Trt-22 Trt-25 Trt-10 Trt-25

3 GA 1ppm Date 3 Trt-24 Trt-31 Trt-20 Trt-22 Trt-24 Trt-8 Trt-2 Trt-15

4 GA 2.5ppm Date 1 Trt-9 Trt-17 Trt-2 Trt-11 Trt-13 Trt-2 Trt-16 Trt-24

5 GA 2.5ppm Date 2 Trt-25 Trt-23 Trt-23 Trt-5 Trt-28 Trt-19 Trt-22 Trt-19

6 GA 2.5ppm Date 3 Trt-28 Trt-12 Trt-24 Trt-26 Trt-10 Trt-11 Trt-21 Trt-17

7 GA 5ppm Date 1 Trt-20 Trt-3 Trt-17 Trt-3 Trt-15 Trt-4 Trt-4 Trt-8

8 GA 5ppm Date 2 Trt-7 Trt-21 Trt-1 Trt-18 Trt-29 Trt-18 Trt-20 Trt-30

9 GA 5ppm Date 3 Trt-4 Trt-18 Trt-8 Trt-6 Trt-17 Trt-32 Trt-5 Trt-11

10 CaNO3 2.5% Date 1 Trt-32 Trt-29 Trt-7 Trt-4 Trt-20 Trt-14 Trt-18 Trt-9

11 CaNO3 2.5% Date 2 Trt-13 Trt-19 Trt-21 Trt-9 Trt-26 Trt-31 Trt-29 Trt-26

12 CaNO3 3.5% Date 1 Trt-10 Trt-16 Trt-28 Trt-31 Trt-9 Trt-23 Trt-7 Trt-1

13 CaNO3 3.5% Date 2 Trt-14 Trt-22 Trt-29 Trt-27 Trt-6 Trt-30 Trt-23 Trt-14

14 CaNO3 3.5% Date 3 Trt-15 Trt-15 Trt-13 Trt-19 Trt-27 Trt-21 Trt-3 Trt-6

15 Ethrel 0.5ml/1L Date 1 Trt-1 Trt-5 Trt-15 Trt-25 Trt-7 Trt-12 Trt-31 Trt-32

16 Ethrel 0.5ml/1L Date 2 Trt-8 Trt-30 Trt-32 Trt-10 Trt-5 Trt-1 Trt-13 Trt-28

17 Ethrel 0.5ml/1L Date 3

18 Ethrel 2.0ml/1L Date 1

19 Ethrel 2.0ml/1L Date 2

20 Ethrel 2.0ml/1L Date 3

21 NAA 0.03ml/L& Ehtrel 0.5ml/L Date 1

22 NAA 0.03ml/L& Ehtrel 0.5ml/L Date 2

23 NAA 0.03ml/L& Ehtrel 0.5ml/L Date 3

24 NAA 0.03ml/L Date 1

25 NAA 0.03ml/L Date 2

26 NAA 0.03ml/L Date 3

27 Urea 6% Date 1

28 Urea 6% Date 2

29 Urea 6% Date 3

30 NAA & cylex

31 Kaolin

32 Control

NAA & cylex

Kaolin

This treatment was not applied

This treatment was not applied
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APPENDIX A5 

Urea Site D. Carina Currant 
Trt No Trt rate Time Row 1 Row 2 Row 3 Row 4 Row 5

1 CaNO3 2.5% Date 1 Trt-7 Trt-8 Trt-14 Trt-24 Trt-15
2 CaNO3 2.5% Date 2 Trt-15 Trt-25 Trt-22 Trt-12 Trt-20
3 CaNO3 2.5% Date 3 Trt-9 Trt-23 Trt-23 Trt-5 Trt-3
4 CaNO3 2.5% Date 4 Trt-22 Trt-14 Trt-8 Trt-20 Trt-12
5 CaNO3 2.5% Date 5 Trt-11 Trt-19 Trt-16 Trt-17 Trt-9
6 Urea 3% Date 1&5 Trt-25 Trt-24 Trt-24 Trt-10 Trt-4
7 Urea 3% Date 2&6 Trt-13 Trt-17 Trt-4 Trt-8 Trt-19
8 Urea 3% Date 3 Trt-6 Trt-24 Trt-6 Trt-15 Trt-11
9 Urea 3% Date 4 Trt-8 Trt-20 Trt-25 Trt-14 Trt-10

10 Urea 4% Date 1&5 Trt-18 Trt-1 Trt-24 Trt-16 Trt-25
11 Urea 4% Date 2&6 Trt-17 Trt-6 Trt-5 Trt-19 Trt-16
12 Urea 4% Date 3 Trt-3 Trt-4 Trt-12 Trt-22 Trt-18
13 Urea 4% Date 4 Trt-10 Trt-12 Trt-15 Trt-6 Trt-17
14 Urea 5% Date 1&5 Trt-19 Trt-21 Trt-20 Trt-3 Trt-14
15 Urea 5% Date 2&6 Trt-23 Trt-15 Trt-13 Trt-21 Trt-21
16 Urea 5% Date 3 Trt-20 Trt-10 Trt-21 Trt-18 Trt-8
17 Urea 5% Date 4 Trt-4 Trt-18 Trt-19 Trt-25 Trt-13
18 Urea 6% Date 1&5 Trt-24 Trt-13 Trt-1 Trt-24 Trt-2
19 Urea 6% Date 2&6 Trt-5 Trt-11 Trt-17 Trt-13 Trt-24
20 Urea 6% Date 3 Trt-14 Trt-9 Trt-11 Trt-1 Trt-23
21 Urea 6% Date 4 Trt-16 Trt-16 Trt-18 Trt-23 Trt-6
22 Urea 8% Date 4 Trt-12 Trt-22 Trt-9 Trt-4 Trt-22
23 Urea 8% Date 5 Trt-21 Trt-3 Trt-3 Trt-9 Trt-1
24 Contol Trt-1 Trt-5 Trt-10 Trt-11 Trt-5  

 

 

 

 



 48

APPENDIX B1 

Calcium Nitrate Site A. Sunmuscat 

Treatment CaNO3 % rate Time Row 1 Row 2 Row  3 Row 4

1 2.0% 2200 h Trt-9 Trt-10 Trt-7 Trt-4

2 2.0% 0800 h Trt-8 Trt-5 Trt-5 Trt-6

3 2.0% 1500 h Trt-6 Trt-8 Trt-9 Trt-5

4 2.6% 2200 h Trt-10 Trt-4 Trt-1 Trt-2

5 2.6% 0800 h Trt-7 Trt-1 Trt-6 Trt-9

6 2.6% 1500 h Trt-4 Trt-9 Trt-10 Trt-10

7 3.5% 2200 h Trt-2 Trt-2 Trt-4 Trt-3

8 3.5% 0800 h Trt-10 Trt-7 Trt-3 Trt-7

9 3.5% 1500 h Trt-5 Trt-3 Trt-8 Trt-8

10 Control Trt-3 Trt-6 Trt-2 Trt-1  
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APPENDIX B2 

Calcium Nitrate Site B. Carina Currant 

Treatment CaNO3 % rate Time Row 1 Row 2 Row 3 Row 4

1 2.0% 2200 h Trt-9 Trt-10 Trt-7 Trt-4

2 2.0% 0800 h Trt-8 Trt-5 Trt-5 Trt-6

3 2.0% 1500 h Trt-6 Trt-8 Trt-9 Trt-5

4 2.6% 2200 h Trt-10 Trt-4 Trt-1 Trt-2

5 2.6% 0800 h Trt-7 Trt-1 Trt-6 Trt-9

6 2.6% 1500 h Trt-4 Trt-9 Trt-10 Trt-10

7 3.5% 2200 h Trt-2 Trt-2 Trt-4 Trt-3

8 3.5% 0800 h Trt-1 Trt-7 Trt-3 Trt-7

9 3.5% 1500 h Trt-5 Trt-3 Trt-8 Trt-8

10 Control Trt-3 Trt-6 Trt-2 Trt-1  
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APPENDIX B3 

Ethrel® Site D. Carina Currant 

 

Treatment Ethrel® rate Time Row 1 Row 2

1 Control Trt-5 Trt-2

2 0.25ml/L  week 1 Trt-1 Trt-7

3 0.5ml/L week 1 Trt-3 Trt-1

4 0.75ml/1L week 1 Trt-6 Trt-6

5 0.25ml/L week 3 Trt-4 Trt-3

6 0.5ml/L week 3 Trt-2 Trt-4

7 0.75ml/1L week 3 Trt-7 Trt-5

Trt-5 Trt-4

Trt-3 Trt-7

Trt-6 Trt-1

Trt-7 Trt-2

Trt-4 Trt-5

Trt-1 Trt-3

Trt-2 Trt-6  
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APPENDIX B4 

Ethrel® Site A. Sunmuscat 

Treatment Ethrel® rate Time Row 1 Row 2

1 Control No application Trt-5 Trt-2

2 0.25ml/L  week 1 Trt-1 Trt-7

3 0.5ml/L week 1 Trt-3 Trt-1

4 0.75ml/1L week 1 Trt-6 Trt-6

5 0.25ml/L week 3 Trt-4 Trt-3

6 0.5ml/L week 3 Trt-2 Trt-4

7 0.75ml/1L week 3 Trt-7 Trt-5

Trt-5 Trt-4

Trt-3 Trt-7

Trt-6 Trt-1

Trt-7 Trt-2

Trt-4 Trt-5

Trt-1 Trt-3

Trt-2 Trt-6  
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APPENDIX C1 

Calcium Nitrate Site A. Sunmuscat 

Treatment CaNO3 % rate Time Row 1 Row 2 Row 3 Row 4 Row 5 Row 6

1 Control Trt-3 Trt-2 Trt-1 Trt-2 Trt-2 Trt-1

2 2.6% 0800 h Trt-2 Trt-4 Trt-3 Trt-1 Trt-3 Trt-3

3 2.6% 1500 h Trt-4 Trt-1 Trt-4 Trt-3 Trt-4 Trt-4

4 2.6% 2200 h Trt-1 Trt-3 Trt-2 Trt-4 Trt-1 Trt-2

Trt-2 Trt-3 Trt-2 Trt-1

Trt-1 Trt-4 Trt-3 Trt-4  
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Calcium Nitrate Site B. Carina Currant 

Treatment CaNO3 % rate Time Row 1 Row 2 Row 3 Row 4 Row 5 Row 6

1 Control Trt-1 Trt-3 Trt-2 Trt-4 Trt-3 Trt-1

2 2.6% 0800 h Trt-4 Trt-2 Trt-3 Trt-1 Trt-4 Trt-4

3 2.6% 1500 h Trt-3 Trt-4 Trt-1 Trt-3 Trt-2 Trt-3

4 2.6% 2200 h Trt-2 Trt-1 Trt-4 Trt-2 Trt-1 Trt-2

Trt-2 Trt-4 Trt-1 Trt-2

Trt-3 Trt-1 Trt-4 Trt-3  
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APPENDIX C3 

Ethrel® Site D. Carina Currant 

Treatment Ethrel® rate Time Row 1 Row 2 Row 3 Row 4

1 Control Trt-3 Trt-4 Trt-1 Trt-4

2 0.25ml/L 1 Trt-1 Trt-1 Trt-3 Trt-1

3 0.25ml/L 2 Trt-2 Trt-5 Trt-5 Trt-2

4 0.5ml/L 1 Trt-5 Trt-3 Trt-4 Trt-5

5 0.5ml/L 2 Trt-4 Trt-2 Trt-2 Trt-3  
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APPENDIX C4 

Ethrel® Site A. Sunmuscat 

Treatment Ethrel® rate Time Row 1 Row 2 Row 3 Row 4

1 Control Trt-1 Trt-4 Trt-5 Trt-5

2 0.25ml/L 1 Trt-2 Trt-2 Trt-3 Trt-4

3 0.25ml/L 2 Trt-3 Trt-3 Trt-1 Trt-3

4 0.5ml/L 1 Trt-5 Trt-5 Trt-2 Trt-2

5 0.5ml/L 2 Trt-4 Trt-1 Trt-4 Trt-1  
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APPENDIX C5 

Ethrel® Site G. Sultana 

Treatment Ethrel® rate Time Row 1 Row 2

1 Control Trt-4 Trt-3

2 0.25ml/L 1 Trt-3 Trt-4

3 0.25ml/L 2 Trt-1 Trt-5

4 0.5ml/L 1 Trt-2 Trt-1

5 0.5ml/L 2 Trt-5 Trt-2

Trt-5 Trt-1

Trt-1 Trt-4

Trt-3 Trt-3

Trt-2 Trt-2

Trt-4 Trt-5  
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