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Foreword 
  

 
 
The Australian native cut flower and foliage industry exports a significant proportion of its production 
to Japan. However, rising air freight costs, a currently high A$ and increased competition have 
reduced profitability in this market to critical levels. 
 
This project has investigated using sea freight to export Australian flowers and foliages. In recent 
times shipping times have decreased and container technology has improved, providing more reliable 
control of temperature and humidity. Most importantly, sea freight costs are approximately 60% those 
of air freight. If quality can be maintained, exporting by sea could directly improve profitability for 
Australian growers and exporters.  
 
Laboratory based storage and vase life trials have been conducted as well as an actual shipment of cut 
flowers and foliage to Japan. Some native species did not store well and had less than the required 7 
days vase life remaining after 2 weeks storage. However a range of others, including NSW Christmas 
bush, Kangaroo paws and various foliage species, retained good quality and acceptable vase life.  
 
Critical factors affecting storability of flowers and foliage included temperature and humidity during 
storage as well as initial quality at harvest. Products from diverse sources which were similar or 
appeared only slightly different quality at harvest had widely varying vase life after storage. 
Understanding and controlling such variability is essential if sea freighted product is to arrive in the 
Japanese market in good condition.   
 
The sea freight trial also highlighted a number of key logistical issues during export. These included 
labelling, documentation and communication through the export supply chain. It will be important to 
address these issues if sea freight is to be a viable option for the Australian native cut flower industry.    
 
This project was funded from RIRDC Core Funds which are provided by the Australian Government. 
 
This report, an addition to RIRDC’s diverse range of over 1700 research publications, forms part of 
our Wildflowers and Native Plants R&D program, which aims to improve the profitability 
productivity and sustainability of the Australian Industry. 
 
Most of our publications are available for viewing, downloading or purchasing online through our 
website: 
 
• downloads at www.rirdc.gov.au/fullreports/index.html 
• purchases at www.rirdc.gov.au/eshop 
 
 
Peter O’Brien 
Managing Director 
Rural Industries Research and Development Corporation 
 

http://www.rirdc.gov.au/fullreports/index.html
http://www.rirdc.gov.au/eshop
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Executive Summary  
 
What the report is about and who it is for 

 
The aim of this project was to investigate the feasibility of shipping Australian cut flowers to Japan by 
sea. If quality can be maintained following long term storage, exporting by sea could improve access 
to the Japanese market for native cut flowers and foliage and enhance profitability for Australian 
growers and exporters. 
 
Background 
 
The native cut flower industry is unusual among Australian horticultural industries in that much of its 
production is exported by air. However, the industry is threatened by rising air freight costs combined 
with a relatively high current Australian dollar (A$1 = US$0.85, June 2007) and vigorous competition 
from other countries, particularly in our main export market of Japan. These factors have reduced 
industry profitability to critical levels. 
 
Sea freight may offer an economic alternative to air transport. Costs are generally around 50-60% of 
air freight, a saving which would add directly to grower profitability. Exporting by sea may be 
particularly attractive for bulky, heavy or low value products, for which airfreight is no longer 
economic. Shipping container technology and availability has improved significantly in recent times. 
At the same time, shipping times have decreased, it now taking 8-9 days to ship from Brisbane to 
Tokyo instead of 2 weeks or more. This could be within the storage capacity of many native cut flower 
species. 
 
Methods and Results – Part 1 (laboratory experiments) 
 
The first stage of the project involved a series of storage and vase life tests on various cut flower 
species. Tests investigated whether these flowers still retained at least 7 days vase life after storage for 
0 to 4 weeks. In addition, a number of treatments were trialled to see if storability could be improved. 
These treatments included pre-storage pulses, sprays, packaging methods and storage atmospheres. 
 
The results indicated that Backhousia myrtifolia, Eucalyptus cv. Bronze Orange Red, Pink waxflower, 
Protea eximia cv. Duchess and White cassinia all had less than 7 days vase life after 2 weeks storage. 
None of the treatments tested increased storage life. These species are therefore unlikely to be suitable 
for shipping by sea to Japan.  
 
Both Geraldton wax cv, My Sweet Sixteen and Protea Pink Ice could potentially have acceptable vase 
life after 2 weeks storage. Storage life of Pink Ice can be maximised by pulsing with a 3 or 6% glucose 
solution to reduce the onset of leaf blackening. However, vase life may still not be acceptable as 
susceptibility to leaf blackening varies widely between individual stems as well as due to seasonal 
changes and plant health at harvest.  
 
The best candidates for sea freight to Japan were Kangaroo paw cv. Yellow Gem and NSW Christmas 
bush. For these species the initial quality of the plant material was the most important factor affecting 
storability. Such differences were not clear at harvest. In the case of Kangaroo paws, material from 
different growers which initially appeared similar varied considerably in quality and vase life after 
storage. For NSW Christmas bush, small differences at harvest became much greater following 
storage. While the reasons for such variations were not entirely clear, having a clear understanding of 
what constitutes initial quality is likely to be a critical factor in the success or otherwise of shipping 
native cut flowers by sea. 
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Methods and Results – Part 2 (trial shipment to Japan) 
 
The project’s second stage involved conducting an actual shipment of cut flowers and foliage to Japan. 
This trial occurred in November 2005 in collaboration with Maersk Sealand. Cut native flowers and 
foliages were contributed directly by growers from northern NSW and southern Qld as well as through 
the exporter. Initial quality was recorded and a number of products were repacked. Packaging 
treatments included Procona containers partly filled with water and CSIRO moisture control 
technology (MCT) liners. NSW Christmas bush was also wrapped in LDPE plastic and LongLife film. 
Data loggers were distributed through the load to monitor temperature and humidity during transport.  
 
It took 9 days to ship the container from Brisbane to Yokohama port. On arrival, Japanese plant 
quarantine inspected 300 stems of each species and variety. During this inspection a number of 
significant issues became apparent; 

• The shipping container had to be unpacked on the wharf in order to access the required 
samples. Commercial shipments should limit the number of species and place sample cartons 
near the door of the container for easy access. 

• Carton labels often did not have enough detail. The phytosanitary certificate had only the 
botanical name of each species whereas many cartons were labelled with only the common 
name or variety. In addition, the number of stems inside each carton was sometimes unclear, 
making it difficult to calculate how many cartons had to be inspected. 

• There were inaccuracies on the phytosanitary certificate. These included spelling mistakes, 
errors in the number of cartons of each species, declaration of species which weren’t in the 
shipment and non-inclusion of species which were in the shipment.  

• Live insects were found inside a carton of Leucospermums. This could have led to fumigation 
being required for the entire container. 

 
Once the shipping container cleared customs and was delivered to the importers repacking facility we 
were able to assess product quality. In general, the results supported the finding from the laboratory 
trials that initial quality is critical to obtaining good outturn quality. Plant materials which were 
supplied in average to poor condition deteriorated greatly during transport and were rejected by the 
importer. However, good quality NSW Christmas bush, Kangaroo paws, foliages and other species 
retained their quality during transport and were still in saleable condition at outturn. 
 
The various packaging materials trialled had minimal effects on product quality. The exception was 
the Kangaroo paw cultivars which benefited from transport in water. Shipping Kangaroo paws in 
Proconas maintained flower brightness and turgidity as well as prevented stems becoming flattened 
during extended storage. Transporting other species in water had minimal effect. No benefit was 
observed in substituting CSIRO’s moisture control technology (MCT) liner for a standard plastic 
carton liner. 
 
Implications 
 
Financial data from the trial indicated that transport costs for sea freight were approximately 60% of 
normal air freight costs. Prices received at auction were decreased by approximately 10% overall 
relative to equivalent products shipped by air. Values were more depressed for high value, long stems 
than shorter stems, suggesting that sea freight is likely to be most appropriate for lower value, 
commodity type products.   
 
However, the financial attractiveness of sea freight depends on the relative prices of sea and air, both 
of which are constantly changing. Non-cost factors such as perceived risk, difficulties of obtaining 
sufficient volume of product and the need to meet orders quickly are also important. A recent analysis 
by QDPI&F of the cost effectiveness of air vs. sea freight to Japan for Australian cut flowers indicated 
that, at the time of the study, air freight was the better option.  
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Recommendations 
 
In summary, it is physically possible to ship a number of cut flower and foliage species from Australia 
to Japan and retain acceptable quality and vase life. However, a number of supply chain issues need to 
be addressed if sea freight is to be conducted efficiently. Moreover, the financial viability of exporting 
by sea freight needs to be evaluated using up to date information on costs and expected returns in the 
Japanese market on a product by product basis.  
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1. Introduction  
 
1.1 Industry Challenges and Opportunities 
 
The adjective most often used when describing the Australian native cut flower industry is “potential”. 
There is no doubt that Australia is fortunate to have a unique and beautiful flora. Although still in 
relatively early stages of crop development, many of these species make fabulous cut flowers. 
However, the domestic market for such cut flowers and foliage remains small. Export markets are 
larger and appear to have richer rewards, but are thousands of kilometres away.  
 
Despite this handicap, the Australian cut flower industry remains unusual among other horticultural 
industries in that the majority of production is exported by air. The main export markets are Japan, the 
USA and Europe. Of these, Japan is the most important; nearly half of all Australian flower exports 
are to Japan (Sutton, 2002). However, the industry faces increasing pressures in this market including; 
 

• Increasing competition from other countries growing Australian species or substitutes. Many 
of these countries have lower labour costs and/or higher government subsidies. In the case of 
China, Thailand and Malaysia, they are also geographically much closer to the Japanese 
market. 

• Rising costs of air freight, including mounting fuel surcharges and increasing security 
measures. 

• A high A$, which reduces competitiveness of Australian exports (at the time of writing the A$ 
was >US$0.80). 

• Difficulty in obtaining airfreight space during peak harvest periods (spring to early summer) 
 
It seems likely that the export supply chain must become more efficient if the Australian cut flower 
industry is to increase or even simply maintain its position in the Japanese market.   
 
1.2 Sea Freight Costs and Benefits 
 
According to Reid and Jiang (2005), air transport of cut flowers frequently results in quality loss. This 
is due to poor temperature control and low humidity during transport. Significant delays at airports 
due to customs, drug and quarantine inspections add to the problem. Moreover, air freight is 
expensive, potentially accounting for up to a third of the product’s value in the market. A reduction in 
freight costs would add directly to the grower’s bottom line.  
 
It is generally estimated that sea freight costs for flowers and foliage are around half the costs of air 
freight (Jones and Allen, 1994). Sea freight may be particularly useful for bulky items, such as 
proteas, which can prove expensive to transport by air. Sea freight is also attractive for lower value, 
high volume products like Kangaroo paws. For products such as these the cost of airfreight has a 
significant impact on their competitiveness in the export market. 
 
Sea freight can allow products to be shipped standing in water or a vase solution as weight is not an 
issue and space less critical. Vase solutions can provide a source of energy to the flowers. In addition, 
shipping upright can reduce crushing and avoid bending in materials sensitive to gravity. Although sea 
transit times are longer than air transit times, only sea freight has the option of accurately controlled 
temperature and relative humidity. Therefore, although transport times are different, products are 
potentially exposed to similar “degree days” (time x temperature) during sea and air freight. 
 
Finally, there are increasing consumer concerns about “food miles”; the CO2 generated by transporting 
products long distances. In Britain at least, some supermarkets already mark airfreighted products with 
aeroplane symbols in stores. According to the Food Standards Agency (2004) air freight results in 
between 40 - 200 times the CO2 emissions of sea freight. 
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1.3 Sea Freight Technology 
 
Sea freight has improved considerably over the last few years. The times required are shorter than ever 
before. Shipping from Australia to Japan used to take up to 3 weeks, but is now only 8-9 days from 
Brisbane (Maersk schedule, 2007). Shipping containers are readily available from a range of suppliers. 
Competitive back-loading rates are sometimes available for containers which would otherwise have to 
be returned empty.  
 
Containers are also more reliable and better controlled than previously. Whereas traditional containers 
were essentially boxes with air-conditioners fitted into one wall, new models are accurately controlled 
and well insulated. Cold air is forced up through T-shaped channels in the floor. This allows better 
distribution of air flow and reduces temperature variability in the stow compared to traditional top 
delivery systems.  
 
Some shipping containers are, or can be, fitted with temperature probes which can be interrogated 
remotely. This allows the exporter to check the location and temperature of their shipment. In the past 
shipments might be left sitting on the dock without power for several days. Improved temperature 
surveillance and alarm systems should make this far less likely to happen now. 
 
 
1.4 Sea Freight Trials – Past and Present 
 
Sea freight of flowers and foliage is not a new idea. Jones (1994) investigated the storage potential of 
a number of Australian native species with a view to using sea transport. Dubois and Considine (1996) 
also investigated whether storage of native species could be extended using controlled atmospheres 
and different handling regimes.  A trial shipment of Australian native species to Japan was conducted 
in 1995. Unfortunately the results of this trial were impacted by the refrigerated container being left 
without power over a weekend while at Yokohama port (Joyce, pers. com.). Another trial transported 
flowers and foliage from Australia to the USA over 35 days using modified atmosphere packaging 
materials and was apparently successful (Boehm, 1994) although exact details are not known to the 
author.  
 
Numerous trials of sea freight of flowers and foliage have been conducted in other countries and the 
method is used commercially. Israel has been transporting flowers and foliage to Europe using a 
combination of land and sea transport since 1999 (Susman, 2004). This was estimated to reduce costs 
by US74c/stem or US$5-6.00/box (Priel, 2001). Another study estimated the transportation cost saving 
at 65% and suggested that the condition of sea freighted flowers could be further enhanced using 
modified atmosphere packaging (Zeltzer et al., 2001).  
 
Elsewhere in the world, Columbian and Ecuadorian flowers (mostly roses) are sea freighted to Miami 
and southern California (Pizano, 2004, Staby, 2004). A variety of bulb crops (narcissus, tulips, 
amaryllis) have been successfully sea freighted to the USA from Europe (Broersma, 2005). There are 
also unconfirmed reports of sea freight of proteas from South Africa to Europe. When we visited 
Yokohama port as part of this project we witnessed inspection of a shipping container of gladiolus. 
We were told these were from China, although this could not be confirmed at the time.  
 
Effective use of sea freight presents a number of challenges; Flowers must be in excellent condition 
initially, there must be sufficient volume to fill the container, entry and exit ports are generally not 
used to dealing with shipments of cut flowers and new packaging, handling and postharvest treatment 
methods may be required in order to retain acceptable vase life (7 days or more) after transport (Staby, 
2004).  
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This project has examined some of these issues for Australian flowers with the aim of exporting by sea 
freight to Japan. Initial trials were laboratory based simulations examining the effect of various 
postharvest treatments, storage times, temperatures and packaging methods on outturn quality and 
vase life of a range of Australian flowers. The second part of the project involved conducting an actual 
sea freight shipment of flowers and foliage to Japan in collaboration with Maersk Sealand. The trial 
provided information on outturn quality of a wide range of products following shipping. It also acted 
as a graphic demonstration of some of the difficulties which may be encountered during commercial 
shipments and provided valuable data on costs, returns, and the financial viability of using sea freight 
for Australian flowers exported to Japan.  
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2. PART 1 - Laboratory Trials 
 
 
In general, there is little information on postharvest characteristics of many Australian native flowers 
in the scientific literature. Some sources contain general recommendations regarding vase life and 
storage conditions. However, there is less known about changes in storage life under different 
conditions or about how postharvest treatments can affect vase life.  
 
This series of short experiments was intended to develop some basic guidelines about the length of 
time certain species could be stored. These experiments had a focus on whether products could be 
stored for at least 2 weeks. This was considered long enough to allow transport by sea from Brisbane 
to Yokohama (8-10 days), with 2 days either side to allow for packing and internal transport. The 
effect of such storage times on outturn quality and subsequent vase life was evaluated under the 
standard vase life conditions described by Reid and Kofranek (1980). 
 
In addition, a number of treatments were tested to determine whether they could improve product 
storability. These treatments included changing maturity at harvest, pre-storage pulses and dips, 
altering the storage temperature or atmosphere and changing the way the products are stored. It was 
assumed that treatments could only be applied by the grower / exporter; protocols which rely on the 
end user to apply a treatment generally seem to have a poor record of success!  
 
Storage and vase life trials were conducted at Gosford Horticultural Institute, New South Wales (GHI) 
and the Centre for Native Floriculture, Gatton, Queensland. In some cases these trials were quite 
limited in scope and used relatively small volumes of plant material. However, it is hoped they may 
form the basis for more extensive trials in the future, particularly where treatments appeared to have 
potential benefits.  
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3. Backhousia  
 
Backhousia myrtifolia 
 
3.1 Introduction 
 
Backhousia myrtifolia is a canopy species endemic to dry rainforests 
along the east coast of Australia (Barrett and Ash, 1992). It has 
attractive, glossy dark green foliage and produces masses of creamy 
blossoms from October to December. Already a popular garden plant, 
there is interest in developing Backhousia as a cut flower crop. 
 
Commercial plantations of Backhousia have recently been established mainly between southern 
Queensland and Coffs Harbour but extending south as far as Nowra. To develop a cohesive marketing 
strategy for this new product the Value Chain Program of the Centre for Native Floriculture facilitated 
the formation of a grower group focussed on the Japanese market in November 2003 (Lim-Camacho, 
2006).  
 
Unfortunately, a serious postharvest problem with the crop became apparent during October 2004. 
Shipments which were in excellent condition when packed developed severe leaf browning by the 
time they arrived in the market. This not only resulted in immediate stem rejection but also 
considerably reduced demand for Backhousia for the remainder of the season.  
 
The cause of the browning problem was unclear. It occurs only intermittently, affecting batches of 
product, apparently randomly. While symptoms may become evident within hours of harvest, on other 
occasions they develop over several weeks. Initially,only northern growers (Qld) were affected, but 
subsequently southern region growers (NSW) have also experienced browning problems. 
 
Two possible causes of the problem are adverse storage temperatures and dehydration during storage. 
This trial has examined the effects of different temperatures during storage as well as whether wet 
storage – which would be feasible to use during sea freight – increased vase life relative to normal dry 
storage. The effect of storage time on outturn quality, respiration rate, water uptake and vase life was 
also tested. 
 
 
3.2 Materials and Methods 
 

3.2.1 Plant materials 
 
Backhousia myrtifolia was harvested in early summer from a commercial flower farm near Maleny in 
southern Queensland, Australia. The stems were commercially mature in that the sepals had turned 
from greenish to creamy white with an obvious white bud. No stamens had emerged.  
 
Flowers were harvested in the cool of the early morning (6:00 - 9:00 am), cut to approximately 50 cm 
and stood in buckets ¼ filled with deionised water. They were immediately taken to the Gatton 
laboratory (temperature during transport = approximately 22°C) and sorted to remove non-uniform 
stems. Selected stems were re-cut to 35 cm and the lower third trimmed bare of leaves and auxiliary 
branches.   
 
Stems were then randomly allocated into bunches and bound together with rubber bands.  Bunches 
were treated as statistical blocks during treatments and measurements.   
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Bunches were dipped for 1 min in 1 ml.L-1 Rovral ® Aquaflo fungicide (active ingredient iprodione, 
500 g.L-1) and 2.5 ml.L-1 Cislin® insecticide (active ingredient deltamethrin, 10 g.L-1).  The dip was 
allowed to dry on the stems at 22°C for 2 hours, then bunches were allocated to treatments as 
described below.  
 

3.2.2 Effect of storage temperature on quality attributes 
 
This initial trial used 36 bunches of 4 randomly selected stems. After dipping and drying, each bunch 
was covered with a loose fitting plastic bag.  The bunches were evenly allocated to 6 buckets ¼ filled 
with de-ionised water. The 6 buckets were stored at 0, 2, 5, 10, 15 or 22oC for 12 hours to ensure 
stems were fully hydrated.  Each bunch was then sealed in a 35 μm low density polyethylene (LDPE) 
bag perforated with 4 x 5 mm diameter holes and stored upright at the appropriate temperature (0, 2, 5, 
10 or 15oC).  
 
Vase life was evaluated immediately using the six remaining bunches of the control treatment 
(hydrated at 22oC, no storage). After 1 week vase life was evaluated for the stored stems (n=6). 
 

3.2.3 Effect of storage time and conditions on quality attributes 
 
Ten bunches of 20 stems were individually covered with a loose fitting plastic bag and stood in de-
ionised water at 2oC for 12 hours to ensure they were fully hydrated (fig 3.1). The stems were then 
divided into pairs and each pair sealed into a plastic bag perforated with a single 5 mm hole. Half of 
the bags were stood in empty 1 L buckets. For the remaining stems, the bottom of the bag was cut 
open and the stems placed in 1 L buckets ¾ full of deionised water. The stems were stored at 2oC in 
the dark for 0, 1, 2, 3 or 4 weeks.  
 
One bag containing two stems was removed from each bucket at weekly intervals for evaluation. The 
0 week (control) was removed and evaluated after less then 4 h in storage. One stem was used to 
assess vase life, stem quality, fresh weight and solution uptake (n=10). The other stem was used to 
measure respiration rate (n=10).  
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Fig 3.1 Experimental design for examining quality attributes of B. myrtifolia following up to 4 weeks storage at 
2oC.  The process outlined in the diagram was replicated ten times and the replicates were treated as blocks for 

statistical analysis. 
 
3.2.3.1 Vase life 
 
Stem condition was assessed every 2 days. Flowers and leaves symptoms were graded with a standard 
0 to 4 scale;  

0 = none, no visible symptoms;  
1 = slight, limited symptoms that are unlikely to impair saleability;  
2 = moderate, obvious symptoms that would impair saleability;  
3 = severe, widely distributed symptoms or intense localised symptoms;  
4 = extreme, wide spread and intense symptoms.   

 
A grade of 2 was considered to be the point at which a stem would be rejected. Table 3.1 describes the 
symptoms correlating with a score of 2 for the disorders that occurred.  
 

No storage (<4 h) 

1 week 

2 weeks 

3 weeks 

4 weeks 

1 x vase life

1 x respiration 
measurement 

Packed into 10 perforated 
LDPE bags  

(2 stems/bag) 

Hydrated 

Dipped in 
pesticide 
and dried 

20 stems per 
bunch 

 WET 

DRY 

Stored in buckets 
with / without water 

at 2oC 
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Table 3.1  Description of symptoms associated with end of vase life for cut B. myrtifolia stems 

Symptom Effect Degree of symptom causing stem rejection 
(score = 2) 

Flower defects   

Desiccation Dimpled or wilting sepals or limp 
pedicel 

Drooping pedicels or dimpled sepals 

Opening Petals open to release long stamens >5% open flowers 

Abscission Receptacle separates from pedicel >5% abscised flowers 

Browning Brown or black sepals, hypanthium or 
bud 

Darkening of sepal vascular tissue or tissues 
around the bud on ~>5% flowers or >3 entirely 
black flowers 

Petal browning Browning of petal margins on the 
closed bud 

>33% of flowers with ~0.5mm of petal margin 
browning 

Sepal damage Brown / black creases or mottling of 
sepals 

>5% of flowers with sepal damage 

Sepal tip 
blackening 

Sepal tips deformed and black >33% of flowers with any sign of blackening 

Sepal tip 
browning 

Sepals browning from tip end >5% of flowers with any sign of browning 

   

Leaf defects   

Desiccation Leaves become dull and rippled Leaves lose their lush green lustre, become rippled 

Purpling Very dark purple round lesions and/or 
leaf tips 

>33% of leaves with >10% of leaf area affected 

Mid-rib 
browning 

Browning on mid rib of the leaf >33% with browning of 1mm either side of mid rib 

Lesions Brown to black irregular lesions >33% of leaves with some symptoms or any leaves 
with symptoms covering >10% of leaf blade 

Browning Leaves turn reddish black, often in a v-
shape 

>33% of leaves with some symptoms or any 
symptomatic leaves with symptoms affecting >10% 
of leaf blade 

 
Leaf and flower desiccation were graded by comparison to graphic scale (figs 3.2, 3.3). Stem weight 
and water uptake were also recorded.  
 
All results were analysed by REML (Mixed procedure; SAS Version 8, SAS Institute, USA). 
Significantly different (p ≤ 0.05) means were separated by the least significant difference test at the p 
= 0.05 level. 
 
 

     
Fig 3.2  B. myrtifolia flower desiccation (0-4) (a), browning (b) and opening (c). 

 

a b c 
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Fig 3.3  B. myrtifolia leaf desiccation (0-4). 
 

3.2.3.2 Respiration rate 
 
Respiration rate was measured at the storage temperature (2oC) and after equilibration to room 
temperature (20oC). To measure respiration, the apical, 15 cm portion of each stem was excised and 
placed into a 1 L glass preserving jar (Fowlers Vacola, Australia).  Jars were closed air tight and 
incubated in the dark at the required temperature until the jar headspace CO2 concentration was 
between 0.1 and 0.4%.   
 
Headspace samples (1 ml) were analysed using a GC8A gas chromatograph (Shimadzu; Japan) fitted 
with a thermal conductivity detector.  Respiration rate (R) in mmol/kg.h was calculated according to 
the equation: 

K)( eTemperatur0.0821
1

(h) Time
1

(kg)ht  fresh weig Sample 
(mL)  Volume

100
(%) CO   R 2

°×
×××

Δ
=  

 
Where; Δ CO2 is the difference between the sampled jars CO2 concentration and a blank control jar, 
volume is the jar capacity less the sample volume, time is the duration of incubation and the 
temperature was recorded during the incubation.  
 
Means and standard errors were calculated for the respiration rate at each storage temperature. 
 
3.3 Results and Discussion 
 
Leaf browning symptoms were extremely variable in terms of both their appearance (fig 3.4) and their 
occurrence. Results were inconsistent between the different trials. This in itself is symptomatic of the 
issues with B. myrtifolia as a cut flower crop.   

 
Fig 3.4  Some of the different types of browning symptoms observed on B. myrtifolia leaves following storage 

and vase life. 
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3.3.1 Effect of storage temperature on quality attributes 
 
In this trial the vase life of B. myrtifolia stems declined from 11.3 days in freshly cut stems to around 3 
days or less after only 1 week of storage at between 0 - 15oC. Vase life was shortest after storage at 
0oC, these stems having a mean vase life of only a day at 22oC.  
 
The main cause of the end of vase life was browning of both leaves and flowers. Flower browning 
during storage increased significantly when the storage temperature was reduced to 2 or 0oC from 
higher temperatures (fig 3.5). Leaf browning also increased as the storage temperature was reduced 
from 15 to 2oC, but was significantly less at 0oC than at 2oC. Those stems which weren’t affected by 
browning generally suffered flower and leaf desiccation, which also ended vase life (data not shown). 
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Fig 3.5  Leaf and flower browning of B. myrtifolia which developed during 1 week of storage at 0, 2, 5, 10 or 

15oC. Bars indicate the standard error of each mean value (n=6). 
 

3.3.2 Effect of storage time and conditions on quality attributes 
 
Although storage for 1 week did not decrease vase life from 11 to 3 days, as observed in the previous 
trial, storage still had a significantly negative impact. Vase life was approximately halved after 1 week 
of storage at 2oC and declined further as storage time increased (fig 3.6). In all cases vase life was 
ended due to deterioration of the foliage, rather than poor flower quality. One of the major causes of 
deterioration was formation of dark lesions on the leaves. These mainly developed during storage, 
with little further expansion after transfer to room temperature. 
 
Flowers remained acceptable for 7 days or more in stems stored for up to 2 weeks (data not shown). 
However, deterioration of the foliage meant that even 1 week’s storage would result in a commercially 
unacceptable product (that is, with less than the required 7 days vase life remaining).  
 
Backhousia growers have previously observed browning on stems which had been left out of water for 
a time, but which had not been stored. This suggested that dehydration may contribute to browning. In 
this trial keeping B. myrtifolia in water did not increase vase life compared to dry storage at any of the 
storage times tested (fig 3.6). However, in this case dehydration would have been minimal even under 
dry storage conditions as the stems were enclosed in plastic with limited ventilation. A future trial 
could test more extreme conditions. 
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Fig 3.6  Vase life of B. myrtifolia stems stored for 0-4 weeks at 2oC either dry or standing in water. Bars indicate 

the standard error of the means (n=10). 
 
The respiration rate was also not significantly affected by wet or dry storage, so the data were 
combined. Respiration at 2oC remained low at all storage times (fig 3.7). In contrast, respiration rate 
after removal and equilibration to 20oC increased significantly with length of storage, rising from 0.8 
mmol.kg-1.h-1 at 0 weeks to 2.8 mmol.kg-1.h-1 after 4 weeks.  
 
Elevated respiration can indicate stress or damage to the plant material. In this case, there was a very 
large increase in respiration rate following 1 week’s storage, but only when measured at 20oC. This 
peak in respiration, which was consistent across all samples measured (n=20), may indicate that the 
stems were severely stressed by storage at 2oC. It is possible that longer storage (2, 3, and 4 weeks) 
stimulated less response as senescence was already advanced by that time.   
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Fig 3.7  Post storage respiration rates of B. myrtifolia stems measured initially while the stems were still at 2oC 
and then again 3 hours after transfer to 20oC. Data are combined from wet and dry storage treatments. Vertical 

bars indicate the standard error of each mean value (n=20). 
 
Stem weight and water uptake declined during vase life. This decrease became more rapid as storage 
time increased (data not shown). Storage apparently reduced the capacity of stems to take up water 
after transfer to room temperature. As a result, the rate of weight loss during vase life also increased 
with length of storage (fig 3.8).  
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Fig 3.8  Stem weight expressed as a percentage of weight on removal from storage for B. myrtifolia stems stored 

at 2oC for 0, 1, 2, 3, or 4 weeks. Data are combined from wet and dry storage treatments. Bars indicate the 
standard error of each mean value (n=20). 

 
There appeared to be a relationship between weight loss and acceptability; the end of vase life 
coincided with weight loss of 5-10%. This could potentially be evaluated more precisely by recording 
initial weights at harvest rather than weight after storage alone. 
 
3.4 Key Conclusions 
 
Postharvest browning in B. myrtifolia is a major problem for cut stems.  Browning is associated with 
low temperature. However, the variability of the symptoms appearance and occurrence as well as the 
lack of symptoms in the field despite temperatures occasionally falling to -3oC suggest that the causes 
of browning in B. myrtifolia are more complex than temperature alone. Browning is therefore not 
ordinary chilling injury, but may be better described as a storage ‘syndrome’.  
 
This conclusion is reinforced by earlier trials which found that chlorophyll fluorescence (CF) of B. 
myrtifolia leaves was not reduced by storage at low temperatures (Eyre, pers. com.). Chilling reduces 
the plants efficiency at harvesting light energy. This damage can be detected by measuring CF (Aroca 
et al., 2001). The method has been used to detect chilling injury in kangaroo paws (Joyce and Shorter, 
2000) as well as roses (Hakam et al., 2001), although results are not always consistent (Pompodakis et 
al., 2005).   
 
Key points from this work are; 

 Freshly harvested B. myrtifolia stems have a modest vase life, in the order of 9-12 days. 
 Stems deteriorate rapidly during storage due to the onset of browning in leaves and 

flowers.  
 Browning symptoms are highly variable 
 B. myrtifolia foliage is more susceptible to browning than the flowers.  
 Symptoms appear during storage below 10oC. 
 Storing stems in water did not reduce browning or extend vase life. 
 If browning does not occur, vase life is usually ended by desiccation of leaves and 

flowers. 
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4. Eucalyptus cv. 
Bronze Orange Red 
(BOR) 
 
Eucalyptus ficifolia  
 
4.1 Introduction 
 
While Eucalyptus species may be considered by some to be the quintessential Australian tree, their 
development as ornamental flowering plants is relatively recent. New, grafted varieties of Eucalyptus 
ficifolia have spectacular flower displays in pink, orange and red. These are increasingly popular as 
garden plants and would appear to have potential as a cut flower crop.  
 
Eucalypt flowers need to be picked at bud stage to avoid damaging the delicate blossoms during 
packing. This may also maximise their vase life. However, some blackening of buds had been 
observed in stored stems (Lidbetter, pers com.), suggesting these buds could be chilling sensitive at 
less than 5oC. 
 
Eucalypt foliage may be stored at 1oC for up to 30 days without reducing vase life (Jones et al., 1993). 
However, eucalypt flowers do not usually last long after harvest. Work on E. tetragona and E. 
youngiana flowers indicated maximum vase lives of 13 and 8 days respectively (Delaporte et al., 
2000). Informal tests at GHI indicated that E. ficifolia may have an even shorter vase life, in the order 
of 5-10 days.  
 
Export necessitates a period of storage, transport and retail before the flowers are actually purchased 
by the consumer. This may be up to a week for air freight, but more than 2 weeks for sea freight. 
Eucalypt flowers are bulky and relatively heavy, which makes transport expensive. Sea freight would 
be a more economical way of transporting these flowers than airfreight. Tests have indicated that E. 
tetragona stems could be stored at 3oC for up to 2 weeks without significantly reducing vase life 
(Delaporte et al., 2000).  
 
Sea freight has the additional advantage of allowing stems to be stored wet. It would seem possible 
that storing E. ficifolia in water containing a preservative, instead of dry storage, could help to 
preserve such short lived flowers during extended storage. Adding a preservative or bacteriocide could 
potentially provide further benefits; 200ppm hydroxyquinoline citrate and 2% sucrose have previously 
been shown to improve vase life of individual detached flowers of E. ficifolia (Sun et al., 2001).  
 
In late 2006 we conducted some preliminary tests using E. ficifolia var. Bronze Orange Red (BOR). 
Although this trial was on a very limited scale and does not represent definitive data, it provides some 
initial observations on the potential of this species as a cut flower for the export market.  
 
 
4.2 Materials and Methods 
 
Stems of grafted Eucalyptus ficifolia cv. “BOR” were harvested at Somersby in December 2006. 
Stems were picked on which the buds were plump and light coloured, mostly with at least one 
operculum splitting to reveal the orange anthers inside. The most mature stems had a maximum of 5% 
fully opened blooms.  
 
Stems were taken to GHI and sorted into two trimmed groups – 40cm length ‘small’ stems and 55cm 
length ‘medium’ stems. The stem bases were stripped of leaves and any open blossoms removed. 
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Stems were randomly allocated to bunches of 10 stems, each bunch containing 6 small and 4 medium 
stems. 
 
One bunch was retained for immediate evaluation of vase life. These stems were placed into individual 
vases containing 15ppm free available chlorine as sodium dichloroisocyanuric acid (DICA) in distilled 
water. Stems were regularly evaluated in terms of; 

• Number of buds open (“open” defined as when the operculum has fully detached and the 
stamens elongated with anthers visible) 

• Overall quality rated from 5 – Excellent, fresh to 1 – Brown, wilted. End of vase life at 
grade 3 – OK but no longer marketable due to wilting or stamen drop. 

• Stamen drop rated from 0 – None to 5 – Stamens completely detached from the hypanthium 
(inferior ovary) of the bud.  

 
Half of the remaining bunches were placed individually on double layers of dampened brown paper 
inside standard 2kg flower cartons. The paper + flowers were over-wrapped with clear plastic and the 
cartons taped shut. Two cartons were stored at 1oC, the other at 5oC (fig 4.1).  
 
Each of the three last bunches was placed in a small bucket containing 5L distilled water + 10ml.L-1 
Chrysal 2 Professional holding solution. A thick, perforated plastic bag was placed over the stems and 
securely taped to the bucket, approximating the conditions inside a commercial Procona container. 
Two buckets were placed at 1oC, the other at 5oC. 
 

 
 

Fig 4.1  Experimental design for evaluating E. ficifolia quality attributes following 1 or 2 weeks wet or dry 
storage at 1oC or 5oC. 

 
The stems were stored for 1 week (5oC and 1oC) or 2 weeks (1oC only) before evaluation under 
standard vase life conditions (Reid and Kofranek, 1980).  
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4.3 Results and Discussion 
 
Storage in Chrysal holding solution did not significantly affect bud opening or flower quality 
compared to dry storage in a standard carton. Storage temperature also had little effect on these 
parameters, although there was a statistically significant increase in vase life in stems held at 1oC 
compared to 5oC.  
 
Vase life of the unstored control flowers was similar to that previously observed during informal tests, 
averaging 7.7 ± 0.5 days (fig 4.2). Storage for 7 days or more significantly decreased subsequent vase 
life (p=0.05), even though the flowers appeared to be in excellent condition on removal. 
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Fig 4.2  Vase life for E. ficifolia cv. BOR stems evaluated immediately after harvest (control), following 1 week 

of storage at 1oC or 5oC, or 2 weeks storage at 1oC. Bar indicates the least significant difference between the 
means (n=20). 

 
Storage had a major negative effect on the number of buds opening. Nearly 50% of buds opened on 
the unstored controls by the end of vase life, compared to 20-25% of those stored for 1 week and less 
than 1% of those stored for 2 weeks (fig 4.3). In addition, those blossoms which did open on stored 
stems often failed to open fully, the stamens reflexing little more than 90o compared to the full 180o 
observed in control flowers. Stamen drop was also often severe on stored stems. Most of the few 
flowers which opened after 2 weeks storage dropped all their stamens after only 4 days vase life. In 
comparison, virtually 100% of flowers that remained attached to the parent plant (i.e. not harvested) 
were observed to open fully over time.  
 
These results are considerably different to those reported by Delaporte et al (2000) for E. tetragona, 
where both vase life and flower opening were not significantly affected by storage for up to 14 days. 
The total number of flowers opening was much greater in the Delaporte et al. (2000) study. 
Approximately 80 - 90% of E. tetragona and 50 - 70% of E. youngiana buds opened during vase life, 
compared to <50% in the current trial. Plant materials were harvested at a similar maturity stage in 
both trials, which suggests that factors such as variety, environmental conditions or plant health may 
be responsible for this variation. 
 
As previously observed by Delaporte et al (2000), there were large differences in bud opening 
between individual stems, even though they appeared to be similar maturity at harvest. Opening 
ranged from 20% to 90% in unstored control stems. No buds at all opened during vase life for one in 
five of the stems stored for only 1 week.  
 
Stem size did not significantly affect vase life or opening during this trial. 
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Fig 4.3  Opening of E. ficifolia cv. BOR buds during vase life for stems evaluated immediately after harvest, 

following 1 week of storage at 5oC or 1oC, or 2 weeks storage at 1oC. 
 
 
4.4 Key Conclusions 
 
It is important to note that this was a limited trial utilising small numbers of stems. This is particularly 
important considering the large variability in the plant responses. Results should be considered as an 
initial scoping study only. 
 
Key points from this work are; 

 E. ficifolia cv. BOR is unlikely to be suitable for export by sea due its poor storability and 
short vase life.  

 It may be necessary to harvest the stems at a more advanced maturity than used in this 
trial to maximise the number of buds which open during vase life.  

 E. ficifolia cv. BOR flowers do not appear to be chilling sensitive. The blackening 
occasionally observed on some stems may be related to senescence. 
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5. Geraldton Wax cv. My 
Sweet Sixteen 
 
Chamelaucium uncinatum x Chamelaucium axillare 
 
 
5.1 Introduction 
 
Geraldton wax (Chamelaucium sp.) represents over half of Australia’s total cut flower exports (v/v on 
a fresh weight basis) (Sutton, 2002). Regular introductions of new varieties are essential for the 
success of the Australian cut flower industry (Slater and Cynthia 2003). The Geraldton wax breeding 
program has placed emphasis on introducing novel flower colours and flowers with a longer, more 
acceptable vase life (Growns et al., 2000). Joyce (1988) stored Geraldton wax (Chamelaucium 
uncinatum) for up to 2 weeks without loss of vase life. However, the suitability of the new hybrid cut 
flowers for long-term storage has not previously been assessed.  
 
After harvest, products are usually unable to continue photosynthesis. Stored products must therefore 
rely on their reserves of carbohydrates (mainly starches and sugars) to maintain metabolic activity and 
cellular integrity after harvest. Flowering stems usually contain low levels of reserves, so their energy 
stores may be quickly depleted after harvest.  
 
Respiration, whereby oxygen is used and carbon dioxide evolved, indicates plant material’s metabolic 
activity. Low temperatures reduce respiration rates as well as maintain product quality. In general, 
storage life is maximised when respiration rate is minimised, so measuring respiration rate can indicate 
the optimum storage temperature for a product. 
 
Another way of assessing the overall ‘health’ of a product is to measure chlorophyll fluorescence. 
Chlorophyll fluorescence, usually expressed as FV/FM, can indicate the integrity of the light reaction 
centre and light harvesting complexes of photosystem II. In the postharvest context, a reduction in 
FV/FM is thought to indicate membrane degradation. DeEll et al. (1999) established a link between 
FV/FM and physiological damage to apples during storage. This technique is now used commercially to 
detect signs of stress before visible symptoms appear.  
 
The objective of the following experiments was to evaluate the potential for long-term storage of a 
popular and relatively new hybrid Geraldton wax cv. My Sweet Sixteen (C. uncinatum x C. axillare). 
Respiration rate, chlorophyll fluorescence and vase life measurements were used to assess storage 
conditions and flower quality.  
 
 
5.2 Materials and Methods 

5.2.1 Plant materials 
 
Geraldton wax cv. My Sweet Sixteen (C. uncinatum x C. axillare) were harvested from a commercial 
flower farm near Gatton in southern Queensland, Australia.  The stems were harvested in mid spring 
(late September to early October) when approximately 100% of the flowers were open and 50% of the 
opened flowers had turned from white to pink. 
 
Flowers harvested in the cool of the early morning (6:00 - 9:00 am) were cut to approximately 50 cm 
and stood in buckets ¼ filled with deionised water. They were immediately taken to the Gatton 
laboratory (temperature during transport = approximately 20°C) and sorted to remove non-uniform 
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stems. Selected stems were re-cut to 35 cm and the lower third trimmed bare of leaves and auxiliary 
branches.   
 
Stems were then randomly allocated into bunches and bound together with rubber bands.  The number 
of bunches and stems per bunch varied between experiments due to the availability of plant material.  
Bunches were treated as statistical blocks during treatments and measurements.   
 
The flowers were pulsed with a 4 mM silver thiosulphate (STS) solution to prevent flower drop in 
storage.  The STS pulses were administered at 20°C until stem had taken up between 0.032 and 0.162 
µmol of the silver ion per gram of stem weight on a fresh weight basis.  Bunches were then dipped for 
1 min in 1 mL/L Rovral ® Aquaflo fungicide (active ingredient iprodione, 500 g/L) and 2.5 mL/L 
Cislin® insecticide (active ingredient deltamethrin, 10 g/L).  The dip was allowed to dry on the stems 
at 20°C for 2 hours. Bunches were then individually covered with a loose fitting plastic bag and stood 
in de-ionised water for at least 12 h at 2°C to ensure they were fully hydrated.  
 

5.2.2 Effect of storage time on vase life and quality attributes 
 
Four replicate groups of 5 bunches, each bunch having 16 stems, were used to assess vase life, 
respiration and fluorescence following up to 4 weeks storage (fig 5.1). Fully hydrated bunches were 
sealed in 35 µm thick low density polyethylene (LDPE) bags, each perforated with 4 x 5 mm diameter 
holes. Each replicate group of 5 bunches was placed separately into 4 cardboard cartons and stored at  
2 ± 1°C.  After the required period (No storage, 1, 2, 3 or 4 weeks) 1 bunch per box was removed from 
storage.  The control treatment of no storage was removed from 2°C within 4 h of packaging.   
 
On removal, the vase life of 10 Geraldton wax cv. My Sweet Sixteen stems (10 pseudo-replicates) 
were assessed for each of the 4 bunches (n = 4).  The remaining 6 stems (6 pseudo-replicates) from 
each bunch were used to measure the post storage respiration and chlorophyll fluorescence.  
Respiration rate of the apical 15cm of each stem was measured at the storage temperature (2°C) and 
after equilibration to 20°C for 2 hours (n = 4) according to the method outlined below.  Mature leaves 
from the lower section (not used for measurements of respiration) were used to assess chlorophyll 
fluorescence (n= 4) according to the method outlined below.   
 
The vase life, respiration and chlorophyll fluorescence data were analysed by ANOVA (general linear 
model; Minitab® Release 14).  Stem weight and solution uptake were analysed separately every 
second day of vase life using ANOVA (general linear model; Minitab ® Release 14).  Significantly 
different (P ≤ 0.05) means were separated by the least significant difference test (l.s.d.) at the P = 0.05 
level. 
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Fig 5.1  Experimental design for examining quality attributes of Geraldton wax cv. My Sweet Sixteen following 
0 to 4 weeks storage at 2oC.  The process outlined in the diagram was replicated 4 times and the replicates were 

treated as blocks for statistical analysis. 
 
5.2.2.1 Vase life 
 
Each stem was recut under water and then individually placed in a plastic vase containing 300 mL of 
deionised water chlorinated to 10 mg.L-1 of free available chlorine as sodium dichloroisocyanuric acid 
(DICA).  The vase opening was closed with aluminium foil to restrict water evaporation and prevent 
fouling of the vase solution with plant debris.   
 
Vase life was determined under 12 h light (PAR 15 - 20 μmol/m2.s, at flower level) at 22 ±2oC with a 
relative humidity of 55 - 65% (Reid and Kofranek, 1980).  Temperature was checked daily with a wet 
and dry bulb thermometer and relative humidity was calculated using a psychometric chart. 
 
Flower and leaf quality was assessed daily for symptoms associated with the end of vase life as 
follows; 
 
Flowers 
Disease : Brown necrotic lesions on petals and the hypanthium or grey mycelium on the stigma. 
Closure : The angle between the closing petals and the central axis through the style was <30°. 
Abscission : Flowers separated between the pedicel and the hypanthium. 
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1 week 
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3 weeks 

4 weeks 
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Leaves 
Desiccation : Leaves dry, wrinkled. 
Chlorosis : Yellowing of turgid leaves. 
Abscission : Leaves separated from stems. 
 
Each attribute was rated on a 1 to 5 scoring system:  

1   no visible symptoms  
2   limited symptoms that are unlikely to impair saleability  
3   obvious symptoms that would impair saleability  
4   severe symptoms  
5   extreme symptoms  

 
Vase life was terminated when a score of 3 was recorded for any symptom.   
 
Stem weight and vase solution uptake were recorded every second day. Stem weight was calculated as 
a proportion (%) of the initial value. Water uptake was recorded in ml per gram initial stem fresh 
weight per day.   
 
5.2.2.2 Respiration rate 
 
The apical 15 cm flowering portion of each stem was excised and placed into a 1 L glass preserving jar 
(Fowlers Vacola, Australia).  Jars were closed air tight and incubated in the dark at the required 
temperature until the jar headspace CO2 concentration was between 0.1 and 0.4%.   
 
Headspace samples (1 ml) were analysed using a GC8A gas chromatograph (Shimadzu, Japan), fitted 
with a thermal conductivity detector.  Respiration rate (R) in mmol/kg.h was calculated according to 
the equation: 
 

K)( eTemperatur0.0821
1

(h) Time
1

(kg)ht  fresh weig Sample 
(mL)  Volume

100
(%) CO  

 R 2

°×
×××

Δ
=  

 
Where; Δ CO2 is the difference between the sampled jars CO2 concentration and a blank control jar, 
volume is the jar capacity less the sample volume, time is the duration of incubation and the 
temperature was recorded during the incubation.  
 
Means and standard errors were calculated for the respiration rate at each storage temperature. 
 
5.2.2.3 Chlorophyll fluorescence 
 
The post-storage maximum quantum efficiency (FV/FM) of cut stems was determined on a group of 
dark-adapted (4 – 6 h in dark at 20oC) leaves using a PAM 2000 Portable chlorophyll fluorometer 
(Waltz, Germany).  Leaves were held together in groups (i.e. leaves aligned in parallel), in order to fill 
the sampling ring of the chlorophyll fluorometer leaf clip holder.  Once dark adapted, the group of 
leaves was inserted into the leaf clip holder.  The photosynthetic apparatus was primed with low 
intensity light (λ > 670) before measurement of minimal fluorescence (FO).  The tissue was then 
subjected to saturating white light to determine maximal fluorescence (FM).  Variable fluorescence 
(FV) was calculated by FM - FO.  The maximum quantum yield of photosystem II was calculated as 
FV/FM. 
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5.2.3 Effect of storage temperature on respiration rate 
 
As a separate experiment six bunches, each with six stems, were used to assess the effect of storage 
temperature on respiration. After hydration, one stem per bunch was allocated to each of the 6 storage 
temperatures examined (0, 2, 5, 10, 20 or 40°C).  
 
Respiration was measured as previously described, except that the sample fresh weight was adjusted 
so that the headspace CO2 concentrations were similar for each treatment after the defined incubation 
period.    
 
To evaluate the effect of temperature on respiration rate, the Q10 value was determined with the 
equation: 

)T(T
10

1210
12)/R(RQ −=  

Where, R2 and R1 are the respiration rates at the high temperature (T2) and low temperature (T1), 
respectively. 
 
 
5.3 Results and Discussion 
 

5.3.1 Effect of storage time on vase life and quality attributes 
 
5.3.1.1 Vase life 
 
Freshly harvested (0 weeks storage) Geraldton wax cv. My Sweet Sixteen stems had a vase life of 11.5 
days (fig 5.2). Vase life remained greater than 7 days for stems stored for up to 2 weeks, after which it 
was too short to be acceptable (fig 5.2). 
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Fig 5.2 Vase life of Geraldton wax cv. My Sweet Sixteen stored for up to 4 weeks at 2oC. Bar indicates the least 

significant difference between means 
 
The vase life of freshly harvested (0 weeks storage) stems was mostly terminated due to flower closure 
(data not shown).  However, as storage time increased, so did the likelihood that disease would end 
flower life (fig 5.3).  Symptoms on diseased flowers included mycelium on the anthers and stigmas or 
brown necrotic lesions on petals and the hypanthium.  These symptoms are consistent with infection 
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by Botrytis cinerea (Tomas et al. 1995).  This fungal pathogen commonly infects Geraldton wax 
during storage (Joyce 1993; Tomas et al. 1995, Beasley and Joyce 2002). However Alternaria sp. and 
Colletotrichum sp. have also been isolated from lesions on Geraldton wax (Joyce 1993). 
 

0

1

2

3

4

5

0 2 4 6 8 10 12
Time (days)

D
is

ea
se

 ra
tin

g 
(1

-5
 s

co
re

)
0 storage
1 week
2 weeks
3 weeks
4 weeks

 
Fig 5.3 The effect of storage time at 2oC on disease symptom expression during vase life. Vertical bars show the 
standard error of each mean value. A score of 3 (obvious symptoms impairing saleability) was considered to end 

vase life. 
 
Stem weight, calculated as a proportion (%) of initial weight on removal from storage, varied 
significantly between storage durations (fig 5.4). Stems stored for more than 1 week at 2oC lost a 
significant amount of weight within 5 days of vase life.  
 
Although water uptake during vase life was similar among all storage treatments, it was significantly 
lower than that of fresh material (data not shown). This suggests that storage for one week reduced the 
stems capacity to take up the vase solution. Furthermore, the observed rapid weight loss on removal to 
20oC suggests that storage affects the stems ability to control water loss. These observations indicate 
that understanding the water relations of stored cut flowers is critical to successful sea freight. 
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Fig 5.4  Changes in stem weight of Geraldton wax cv. My Sweet Sixteen stems during vase life at 22oC after 

storage for up to 4 weeks at 2oC. Bar indicates the average least significant difference between storage duration 
treatments for all evaluation times. Error bars indicate the standard error of each mean value. 

 
5.3.1.2 Respiration rate 
 
Respiration rate at 20oC was significantly elevated in stems stored for 1 week or 4 weeks compared to 
other storage intervals (fig 5.5). Increased post-storage respiration rates can indicate the presence of 
disease and other types of plant stress. For example, respiration rates of stored grapes may increase 
before symptoms of disease became obvious, indicating the end of potential storage life (Bower, 
2001).  
 
In this trial, post-storage respiration rates tended to increase from initial values but these changes were 
only significant after 1 or 4 weeks. As post-storage respiration rates do not correlate with vase life 
measurements, these results in this trial suggest that respiration rate on removal from storage is not a 
good indicator of potential vase life of Geraldton wax cv. My Sweet Sixteen. 
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Fig 5.5  Respiration rate during vase life at 20oC for Geraldton wax cv. My Sweet Sixteen stems which had been 

stored for up to 4 weeks at 2oC. 
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5.3.1.3 Chlorophyll fluorescence 
 
Optimal values for Chlorophyll fluorescence (FV/FM) are approximately 0.83 for most plant species 
(Johnson et al. 1993). Values for Geraldton wax cv. My Sweet Sixteen remained between 0.8 and 0.83 
during this trial (fig 5.6). Fluorescence did not decrease significantly from the initial values until stems 
had been stored for 4 weeks. In this context chlorophyll fluorescence (like respiration rate) was a poor 
indicator of potential vase life after storage. 
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Fig 5.6  Chlorophyll fluorescence for Geraldton wax cv. My Sweet Sixteen stems which had been stored for up 

to 4 weeks at 2oC. 
 

5.3.2 Effect of storage temperature on respiration rate 
 
As expected, the rate of CO2 evolution increased as temperature rose (fig 5.7). The largest Q10 increase 
measured was between 0 - 2oC. Q10 values for respiration for the temperature ranges 0 - 10oC and 10 - 
20oC were 3.4 and 1.4, respectively. These are lower than the values calculated by Joyce (1988) for C. 
uncinatum which were 5.8 and 3.3 for the same temperature ranges. This suggests that this new hybrid 
may be less responsive to storage temperature. However, temperature, water stress and other variables 
can influence respiration and Q10 values (Atkin and Tjoelker, 2003). In the study by Joyce (1988), 
plant materials were harvested in early spring in Western Australia. The current study used plants 
harvested in late spring in Gatton, Queensland, where conditions are hotter and dryer and the days are 
longer. Therefore, comparison between the two studies is uncertain. 
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Fig 5.7  Effect of temperature on respiration rate of Geraldton wax cv. My Sweet Sixteen. 

 
These results suggest that the optimum storage temperature for Geraldton wax cv. My Sweet Sixteen 
is 0oC. This is consistent with previous results found for Geraldton wax (Joyce, 1988). However 
storage trials may be necessary to confirm that this does not result in physiological damage and/or 
increased disease for this new variety. Moreover, temperatures close to 0oC are often not practical 
commercially because of the increased likelihood of freezing damage. 
 
 
5.4 Key Conclusions 
 

 Geraldton wax cv. My Sweet Sixteen could be stored for up to 2 weeks at 2oC and still 
have an acceptable (>7 days) vase life. 

 The main reason vase life ended prematurely after 2 or more weeks of storage was the 
onset of disease.  

 Chlorophyll fluorescence was not a good indicator of potential vase life after storage. 
 Vase life could potentially be improved by storing at 0oC, but this is unlikely to be 

commercially acceptable. 
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6. Kangaroo Paw cv. Yellow 
Gem 
 
Anigozanthos flavidus x A. pulcherrimus 
 
6.1 Introduction 
 
Kangaroo paws (Anigozanthos spp.) have been one of Australia’s main cut flower exports for many 
years. They are now grown in many countries around the world, with large volumes produced in 
Israel, Peru, Chile, California and parts of Africa. The resulting increases in export volumes have 
reduced market prices significantly. This factor, when combined with the current high A$ and rising 
production costs, have made growing and exporting kangaroo paws uneconomic for some Australian 
growers. 
 
One way to increase Australia’s competitiveness would be to reduce the cost of freight. A financial 
analysis by a Queensland based kangaroo paw grower indicated that exporting kangaroo paws by sea 
instead of air could reduce transport costs by 40-50%. This would almost double returns to some 
growers and make the difference between the crop being economically viable or sold at a loss 
(Parmeijer, pers. com.). 
 
There is no point reducing transport costs, however, if flowers do not arrive in a saleable condition in 
the extremely competitive Japanese market. Kangaroo paws are known for having relatively poor 
storage potential, vase life being significantly reduced by extended storage (Jones and Faragher, 1991, 
Teagle et al., 1991). Moreover, kangaroo paw may be chilling sensitive at temperatures less than 5oC 
(Joyce and Shorter, 2000). 
 
Pulsing stems with a sucrose solution before transport could be one way to improve storability. Vase 
life of “Gold Fever” and “Harmony” kangaroo paws was improved by pulsing in 20% sucrose before 
storage, the same pulse also reducing floret fading in “Regal Claw” (Teagle et al., 1991). While 20% 
sucrose is much higher than the concentrations recommended for other species, there is evidence that 
this is effective, especially in terms of increasing floret opening. Adding a wetting agent and / or a 
biocide such as hydroxyquinoline sulfate (HQS) may also be useful (Worrall and Young, 1997). 
 
While sucrose pulses may improve flower opening, it is important flowers don’t open in storage. The 
Japanese market considers the ideal maturity for Kangaroo paw to be a maximum of one floret open 
per stem. Flowers which open en-route are downgraded. One possible way of reducing development in 
storage is using modified atmospheres. These have been found to improve storability of roses, 
carnations, gypsophila and other species, allowing these flowers to be transported by sea from Israel to 
Europe (Zeltzer et al., 2001).  
 
Modified atmosphere (MA) shipping containers, such as the ThermoKing AFAM+ system and 
Mitsubishi MaxTend, have recently become available in Australia. These use the respiration of the 
stored products (sometimes with an additional initial gas flush) to modify the atmosphere inside the 
container. Over time O2 is depleted and CO2 increases. Sensors detect when either CO2 or O2 reaches a 
critical limit and briefly ventilate the container with ambient air before resealing it. These containers 
can provide only a limited range of atmospheres but are simpler and therefore somewhat cheaper than 
full controlled atmosphere systems. They also provide a high humidity environment, which is ideal for 
flowers, and may have improved temperature control due to their low exchange rates with outside air.  
 
In this trial, we tested the effectiveness of using sucrose pulses combined with two modified 
atmospheres to reduce kangaroo paw development during storage and maintain postharvest vase life. 
Atmospheres were chosen which could be achieved using a simple MA system.  
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6.2 Materials and Methods 
 
Kangaroo paws cv. Yellow Gem (Anigozanthos flavidus x A. pulcherrimus) were supplied by three 
different growers on the mid north coast of NSW. Growers A & B supplied fewer stems than grower 
C, so not all treatments could be fully replicated for all three growers.  
 
Stems were recut on arrival at the GHI laboratory and pulsed for 24 hours at 5oC (fig 6.1) in either; 

• Water 
• 200g.L-1 sucrose  (NB, not grower A) 
• 200g.L-1 sucrose + 0.01% agral (wetting agent) + 50mg.L-1 HQS (biocide) 

 
Ten stems from each grower and pulsing solution were used for immediate measurement of vase life. 
The remainder were packed into small cartons lined with plastic film and stored for 2 weeks in drums 
held at 5oC and continuously flushed with humidified; 

• Air  (control) 
• 10% O2 + 10%CO2  (mix 1) (NB, not grower B) 
• 2% O2 + 18% CO2  (mix 2) 

 

 
Fig 6.1  Experimental set up for storage trials with Kangaroo Paw cv. Yellow Gem. Stems from 3 different 
growers (A, B and C) were pulsed in water, 200g.L-1 sucrose or 200g.L-1 sucrose + 0.01% agral + 50mg.L-1 

HQS. They were then stored in air, 10%CO2 + 10%O2 or 18%CO2 + 2%O2 for 0 or 2 weeks at 5oC before vase 
life evaluation. 

 
After removal from storage, flowers were placed in individual containers filled with distilled water + 
15 mg.L-1 free available chlorine as DICA at 20oC for evaluation of vase life under standard conditions 
(Reid and Kofranek, 1980). Quality was graded subjectively as; 

4 - excellent, fresh, colours bright 
3 - good, saleable 
2 - OK but not marketable 
1 - poor, dull, faded colours 
0 - very poor, dead 
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Wilting was assessed by comparison with a standardized scale (fig 6.2). Vase life was considered 
finished once either quality or wilting fell below grade 2. This was estimated by fitting a 2nd order 
polynomial trend line to the quality data over time to estimate when this occurred. This method helped 
to reduce the “noise” in the data caused by slight variations in subjective assessments. 
 

 
 

Fig 6.2 Grading scale for wilting of Kangaroo paw cv. Yellow Gem 
 
Stem weight and water uptake were also recorded. Flower opening was assessed by counting the 
number of buds fully open (petals reflexed) or half open (petals split but not reflexing) on each stem.  
 
Results were compared using CoStat statistical software to perform a 2-way or 3-way ANOVA. SS 
Type 1 was used because the numbers of samples were not uniform. Means were compared using the 
Student Newman Keuls test at the p=0.05 confidence limit. 
 
 
6.3 Results and Discussion 
 

6.3.1 Variability between growers 
 
There were significant differences in vase life and storability for material from different growers. 
These were not significant for the fresh stems, but became apparent after storage (Table 6.1). Vase life 
of air stored, non-sucrose pulsed stems from grower C was not significantly reduced by storage for 2 
weeks. In contrast, storage halved vase life of air stored, non sucrose pulsed stems from grower A and 
significantly reduced vase life of those from grower B.   
 
Table 6.1 Vase life of kangaroo paws supplied by 3 different growers evaluated immediately after harvest or 
following 2 weeks storage at 5oC in air. Letters indicate values that are significantly different (p=0.05). 

 Average vase life (days) 

 No storage 2 weeks storage 

Grower A 8.9 a 4.2 c 

Grower B 8.4 a 6.3 b 

Grower C 8.7 a 8.8 a 
 
 
 
Because of the variability in the stored stems, it may be more useful to consider the number which 
were still acceptable rather than mean vase life. Of the stems stored for 2 weeks from growers A, B 
and C approximately 33%, 40% and 96% remained acceptable at 7 days vase life respectively.     
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Flower opening also differed between growers, with nearly twice as many flowers opening on fresh 
stems from grower B compared to A and C. However, this difference disappeared during storage (data 
not shown). 
 
The flowers from different growers varied in their water uptake after storage (fig 6.3). Even though 
grower A’s stems took up the most water they also lost the most weight during 7 days vase life. In 
comparison, grower C’s stems retained approximately 100% of their initial weight after 7 days despite 
having the lowest water uptake. This is the opposite of the relationship which would be expected 
intuitively and which was shown for Backhousia myrtifolia. That is, a high rate of water uptake was 
associated with retention of stem weight during vase life. With kangaroo paws the reverse occurred. 
This result suggests that transpiration rate and/or metabolic activity varied among the stems from 
different growers.  
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Fig 6.3  Total water uptake and stem weight as a proportion (%) of original value of Kangaroo paws cv. Yellow 

Gem from 3 different growers after 1 weeks vase life 
 
Changes in stem weight were reflected in the quality grades allocated. In general, once stems began to 
lose weight their visual quality also began to deteriorate. This suggests that retention of stem weight, 
but not water uptake, is a good indicator of overall condition and could be used as an objective quality 
measurement for kangaroo paws. 

6.3.2 Pulsing solutions 
 
The significant differences between the growers removed replication otherwise inherent in the 
experimental design. This made it difficult to draw firm conclusions from the data, as stems from each 
grower had to be considered separately for the purposes of analysis.  
 
Vase life, both un-stored and after storage, was not significantly improved by pulsing with sucrose or 
a sucrose + HQS mixture for any of the growers. Stems pulsed in either sucrose or the sucrose + HQS 
mixture initially increased in weight more than those kept continuously in water. However, this is 
likely to represent osmotically induced water uptake by the stem rather than increased metabolic 
activity. These differences disappeared during vase life. The increased stem weights were also not 
retained after storage.  
 
A trend to increased flower opening was observed in stems evaluated immediately after pulsing in 
sucrose or sucrose + HQS for all growers. However, neither the number of flowers open when the 
stems were removed from storage nor the total flowers opening during vase life were significantly 
different to the non-pulsed stems.  
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6.3.3 Gas mixtures 
 
Modifying the storage atmosphere did not provide any benefit in terms of improved vase life for either 
grower A or B (data not shown). In the case of grower C, both mixtures had a negative effect on stem 
quality (table 6.2). This may be because material from growers A and B deteriorated during storage, so 
any differences due to gas mixture were not possible or less apparent.  
 
In addition, the 10% O2 + 10% CO2 atmosphere significantly reduced the number of flowers which 
opened during 7 days vase life.  The results suggest that Kangaroo Paw cv. Yellow Gem may be 
sensitive to high CO2 during storage. The reduced effect when combined with low O2 may be due to 
suppression of some metabolic processes at the lower O2 concentration. 
 
Table 6.2 Vase life, number of flowers open at the start of vase life and total water uptake per gram stem weight 
for Kangaroo paws (grower C) evaluated immediately after harvest or stored for 2 weeks in different 
atmospheres. Letters indicate values that are significantly different (p=0.05). 

 Average vase life 
(days) 

Total flowers 
opening during 

vase life 

Water uptake 
(total ml/g after 7 

days at 20oC) 

Fresh (unstored) 8.7 a 7.9 a 3.3 a 

5oC, 2 weeks, air 8.8 a 6.2 ab 2.2 c 

5oC, 2 weeks, 10% O2+10% CO2 5.3 c 2.2 c 2.7 b 

5oC, 2 weeks, 2% O2+18% CO2 6.4 b 4.6 b 2.2 c 
 

6.4 Key Conclusions 
 
Miranda et al. (2000) found significant differences in post-storage vase life of Kangaroo paws grown 
in different environmental conditions. It is not known whether this could explain the differences found 
in this trial. If 7 days is considered the minimum required vase life, stems from grower C which had 
been stored for 2 weeks easily met this requirement. However, the majority of stems from growers A 
& B did not. This was particularly surprising in view of the minor differences which were observed 
when conducting the initial vase life assessments.  
 
The improved ‘storability’ of grower C’s product may relate to plant nutrition, environmental 
conditions during development or postharvest handling. Understanding the reasons for the different 
postharvest qualities of the cut stems is clearly essential if kangaroo paws are to be stored for extended 
periods to allow shipping by sea.   
 
Key points from this work are; 

 Freshly harvested Kangaroo paw cv. Yellow Gem has an acceptably long vase life, in the 
order of 9 days. 

 It is possible to store good quality Kangaroo paw cv. Yellow Gem for 2 weeks at 5oC without 
reducing vase life. 

 However, flowers from different growers may differ considerably in their capacity to tolerate 
extended storage even though they initially appear to be similar quality and maturity. 

 Pulsing in 20% sucrose or 20% sucrose + 0.01% agral + 50mg.L-1 HQS did not extend storage 
life or improve postharvest quality. 

 Atmospheres containing 10%O2 + 10%CO2 or 2%O2 + 18%CO2 did not provide any benefits 
and reduced flower quality after removal from storage. 

 Pre-harvest factors can have more effect on vase life than postharvest treatments. Sea freight 
of kangaroo paws is unlikely to provide consistent results and be economically feasible unless 
the issue of crop variability is addressed.  
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7. NSW Christmas Bush 
 
Ceratopetalum gummiferum  
 
7.1 Introduction 
 
NSW Christmas bush (Ceratopetalum gummiferum) is a small to 
medium sized tree found in moist open forests in eastern NSW and 
Queensland. It produces masses of small, creamy white flowers during spring.  As each one dies the 
remaining calyx enlarges and turns red, creating the appearance of red five petalled flowers during 
early summer. 
 
NSW Christmas bush is an important cut flower crop for both export and domestic markets. The main 
commercial plantations stretch from just north of Sydney to southern Queensland. The majority of 
exports come from the more northern districts, which start harvesting in early November. Later crops, 
grown closer to Sydney, are more likely to be destined for the Christmas domestic market. After 
Christmas the price of NSW Christmas bush falls dramatically in all markets (Worrall and Dalley, 
1997). 
 
The major export markets for NSW Christmas bush are Japan and the USA. NSW Christmas bush 
arrives in the USA in time for Thanksgiving as well as Christmas. Its’ festive looking combination of 
bright red ‘flowers’ and glossy green foliage make it a popular filler. According to some exporters, 
there is a strong correlation between demand for NSW Christmas bush and the weather in northern 
America and Japan; a cold, early winter increases demand for the bright red, cheery looking Christmas 
bush. 
 
Peak production in Australia tends to occur in mid-late November. However, peak demand is nearly a 
month later, just before Christmas. Growers usually don’t have the large capacity cool rooms which 
would be required to store significant quantities of product. However, allowing time for consolidation 
then exporting by sea freight would delay arrival of the crop in Japan by 2-3 weeks. Developing 
extended storage methods would, therefore, appear to have marketing as well as cost saving 
advantages.  
 
Ethylene can be a major factor limiting storage capacity for many crops. Nitric oxide (NO) has been 
reported to have beneficial effects on a range of floral species (Leshem et al., 1998). It has been 
suggested that this effect is due to inhibition of ethylene action in the plant. One of the impediments to 
commercialisation of NO is that it must be applied as a gas. This raises safety and application issues as 
well as requiring additional infrastructure.  
 
DETA-NO is a stable powder formulation which releases nitric oxide gradually when it is added to 
water (Bowyer et al., 2003). Adding DETA-NO to vase water has been reported to increase the vase 
life of a range of floral species by 40-50% (Badiyan et al., 2004). The study by Badiyan et al. (2004) 
included several species which have a low sensitivity to ethylene (lily, gerbera, tulip), yet which 
exhibited a positive effect. While NSW Christmas bush has been reported to be ethylene sensitive 
(Macnish et al., 2000), other researchers have suggested that it is insensitive unless stressed by 
dehydration or other factors (Wade, pers. com.). Regardless of whether or not NSW Christmas bush is 
truly ethylene sensitive, it seemed worthwhile to test DETA-NO fumigation on cut stems. 
 
The following experiments were aimed at finding how long NSW Christmas bush can be stored while 
still retaining acceptable vase life as well as ways to increase storability. One of these trials examines 
the effectiveness of DETA-NO as a pre-storage treatment. We also tested the effect of pulsing stems 
with a biocide and carbohydrate mixture before storage, reducing transpiration, changing packaging 
and fumigating with DETA-NO. In addition, stems stored for long enough to allow shipping by sea 
were compared with those subjected to a time / temperature regime which might occur during 
airfreight to Japan. 
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7.2 Materials and Methods 
 

7.2.1 Year 1 
 
Mature, brightly coloured Christmas bush was harvested from a plantation at Somersby during early 
December 2003. Branches were cut from three discrete areas within the plantation, each area being 
treated as a replicate ‘block’. The stems were placed directly into 20L buckets half filled with 
rainwater and transported to the GHI laboratory by air conditioned vehicle (approximately 20oC, 30 
min).  
 
On arrival, each replicate group of stems was recut, the bottom 20cm foliage removed and sorted into 
small (<20g) and large stems. Twelve bunches of 10 stems were collated for each replicate group. 
Each bunch contained equal numbers of small and large stems. Bunches were then dipped for 1 min in 
1 ml.L-1 Rovral ® Aquaflo fungicide (active ingredient Iprodione, 500 g/L) and allowed to air dry for 
approximately 30 minutes.  
 
Half of the stems were pulsed for 24 hours in 2 ml.L-1 Chrysal RVB floral preservative for woody 
stemmed plants. The remainder were placed in distilled water. All stems were stored at 4oC overnight. 
Christmas bush has been reported to be chilling sensitive at temperatures below 4oC (Worral, pers. 
com.). 
 
One bunch from each replicate and treatment was used for immediate evaluation of vase life under 
standard conditions (Reid and Kofranek, 1980). The remaining stems were packed into flower cartons 
lined with a single layer of brown paper in the base and loosely wrapped in LDPE plastic. The cartons 
were stored at 4oC for 10, 12, 15, 19 or 22 days before removal and evaluation of vase life. 
 
Weight and diameter of each stem were measured at the start of vase life determination. Stems were 
inserted through holes in the lids of individual vases containing distilled water with 15 mg.L-1 free 
available chlorine as sodium dichloroisocyanuric acid (DICA). Water uptake and stem weight were 
measured during vase life. Acceptability was evaluated by comparison with standard scales (fig 7.1). 
Scores ranged from 4 (fresh, excellent) to 0 (severely wilted, dead). Vase life was considered over 
once quality fell below a score of 2 (satisfactory but not marketable). This was estimated by plotting a 
polynomial trend line to the quality data against time and calculating days until the acceptability score 
was <2.   
 

 
 

 
 

Fig 7.1  Christmas Bush grades for overall appearance (a) and individual flower quality (b). 

(a) 

(b) 
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Christmas bush vase life is quite variable. Within one bunch vase life can range from a few days to 3 
weeks for different stems. To evaluate the visual effect of the bunch as a whole, the percentage of 
stems which remained acceptable (quality score ≥2) during vase life was calculated for each time 
interval.  
 
Results were analysed using CoStat statistical software (Version 6.303, 2004) to perform ANOVA , 
calculate the least significant difference (Student-Newman-Keuls test, significance level = 0.05) and 
test the correlation of independent variables (Pearson Product Moment Correlation Coefficient, 
p<0.05).  
 

7.2.2 Year 2 - Harvest 1 
 
The initial harvest in Year 2 was on 7th November 2004 from a commercial plantation near Scotts 
Head in northern NSW. This was the very start of the harvest season and the plant material was 
slightly immature, being pink rather than fully red. Material was harvested from 4 discrete replicate 
rows, each being subsequently treated as a ‘block’. The stems were thoroughly wetted down and 
placed in 20L buckets 1/3 filled with rainwater before transport by air-conditioned vehicle to the GHI 
laboratory (approximately 20oC, 8 hours). They were then cooled overnight to 4oC.  
 
The following morning, the stems were trimmed, recut, and sorted into small, medium and large 
pieces. Stems from each replicate were combined into bunches of 10, each with 3 small, 5 medium and 
2 large stems. Bunches were dipped in 1 ml.L-1 Rovral ® Aquaflo fungicide and allowed to dry as 
previously described.  
 
One bunch / replicate was used for immediate vase life determination. The remainder were wrapped in 
plastic and stored in flower cartons at 4oC for 1, 2, 3 or 4 weeks before vase life determination.  
 
Vase life evaluation and analysis of the results was as previously described. 

7.2.3 Year 2 - Harvest 2 
 
The second harvest in Year 2 was mid-season (24th November, 2004) at a commercial plantation near 
Kempsey. The plant material was vibrant red and in peak condition. Bunches were harvested into 
water, wetted down, transported to GHI (approximately 20oC, 6 hours) then cooled overnight to 4oC as 
previously.  
 
Stems were recut and trimmed, then sorted into 4 classes by length; >70cm, 50-70cm, 40-50cm, and 
<40cm (fig 7.2). Uniform bunches of 6 stems were made up of 1 long, 3 medium, 1 short and 1 very 
short stem. The bunches were dipped in 1 ml.L-1 Rovral ® Aquaflo fungicide and dried as previously 
described then allocated randomly to one of 4 treatments; 

T1. Control (distilled water) 
T2. Pulse containing 15g.L-1 glucose + 2ml.L-1 Chrysal RVB in distilled water 
T3. Pulse containing 15g.L-1 sucrose + 2ml.L-1 Chrysal RVB in distilled water 
T4. Sprayed thoroughly with 25ml.L-1 Envy anti-transpirant (AgroBest), allowed to dry on 

foliage with stems in distilled water 
 
All stems were stored overnight at 4oC in their respective treatments (1-4). The following morning 4 
bunches of untreated control material were used for initial evaluation of vase life. The remainder were 
packed into one of 4 cartons; 

A. Loosely packed into carton lined with LDPE film + double layer of brown paper in the base, 
film taped at ends and centre. 

B. Loosely packed into carton lined with ‘LongLife’ microperforated film, taped in centre with 
ends tucked under. 

C. Tightly packed with LDPE film as per A 
D. Tightly packed with ‘LongLife’ as per B 
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After 2 weeks at 4oC half of the bunches were removed from storage, repacked into 2kg boxes, 
resealed and left at 20oC for 14 hours. This was done to simulate post-shipment quarantine inspection, 
sale and transport, as advised by an Australian flower exporter (Freeman, pers. com.). 
 
Stem length, weight and diameter of each stem was recorded when the Christmas bush was removed 
from storage. Vase life evaluation and analysis of the results was as previously described. 

 
 

Fig 7.2  Experimental design for examining quality attributes of NSW Christmas bush (Year 2 Harvest 2) 
following pulsing in distilled water only, 15g.L-1 glucose + 2ml.L-1 Chrysal RVB, pulsing in 15g.L-1 sucrose + 

2ml.L-1 Chrysal RVB or spraying with 25ml.L-1 Envy followed by up to 3 weeks storage at 4oC loosely or 
tightly packed in either LDPE plastic or ‘LongLife’ film. 
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7.2.4 Year 2 - Harvest 3 
 
The final harvest was from the NSW DPI Christmas bush plantation at Somersby on 8/12. The plant 
material was in average condition - the plants had been attacked by psillid insects and stems were not 
as ‘fluffy’ as those in harvest 2. Material was harvested from 4 discrete areas in the plantation, these 
replicate groups being considered ‘blocks’. The stems were trimmed, sorted by size and made into 
uniform bunches of six stems as described for harvest 2. The stems were then dipped into 1 ml.L-1 

Rovral ® Aquaflo fungicide, dried and rehydrated overnight in buckets of distilled water at 4oC. The 
following morning stems were allocated randomly to one of 4 treatments (fig 7.3); 

T1. Control (distilled water only) 
T2. Pulsed with 10mg.L-1 DETA-NO in distilled water, covered with plastic bags  
T3. Pulsed with 100mg.L-1DETA-NO in distilled water, covered with plastic bags  
T4. Sprayed with 25ml.L-1 Envy anti-transpirant (AgroBest), allowed to dry on foliage with 

stems in distilled water. 
 
All of the stems remained at 20oC for 20 hours. Two bunches per block from each of the 4 treatments 
was then packed into cartons lined with LDPE film. The vents were closed and the cartons stored for 
either 2 or 3 weeks at 4oC.  
 
One bunch per replicate of control stems was used for immediate evaluation of vase life. A further two 
bunches from each control replication were packed into one of two cartons for simulated air freight. 
To reproduce the temperatures which could be encountered during airfreight, the cartons were stored 
at; 

• 14oC for 10 hours - flight to Japan 
• 25oC for 1 hour - on the tarmac in Japan 
• 8oC for 12 hours - cool storage room at Narita airport.  
• 20oC for 14 hours - quarantine inspection, sale and delivery.  

 
These temperatures and times were selected as conservative averages from a number of temperature 
data sets recorded during actual shipments from Australia to Japan (data provided by IHM Australia).  
 
Stem length, weight and diameter of each stem was recorded when the Christmas bush was removed 
from storage. Vase life evaluation and analysis of the results was as previously described. 
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Fig 7.3  Experimental design for examining quality attributes of NSW Christmas bush (Year 2 Harvest 3) 

following pulsing in distilled water only, 10mg.L-1 DETA-NO, 100mg.L-1DETA-NO or sprayed with 25ml.L-1 
Envy followed by either simulated sea freight (up to 3 weeks at 4oC) or air freight (fluctuating temperatures over 

1.5 days) 
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7.3 Results and Discussion 

7.3.1 Year 1 
 
7.3.1.1 Effect of storage time 
 
Vase life was significantly reduced by storage and results were consistent across the range of storage 
times tested (fig 7.4). In general, average vase life at 20oC decreased by approximately half a day for 
every day in storage.  
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Fig 7.4  Vase life of NSW Christmas bush stored for up to 22 days at 4oC. Trend line is a 3rd order polynomial 

Bar indicates the least significant difference between means 
 
Similarly, the number of stems which were still acceptable at the end of 1 week of vase life also 
decreased as time at 4oC increased (table 7.1). According to these results, NSW Christmas bush should 
not be stored for more than 15 days in order to maintain sufficient vase life. 
 
Table 7.1  Proportion (%) of stems which remained acceptable (quality grade ≥2) after 7 days vase life for NSW 
Christmas bush stored for up to 22 days at 4oC. 

Storage time 
(days at 4oC) 

Acceptable stems  
(% after 1 week vase life)  

0 98 

10 85 

12 84 

15 70 

19 58 

22 17 
 
7.3.1.2 Effect of Chrysal RVB pulse 
 
Williamson et al., (2002) found that vase life of NSW Christmas bush could be significantly extended 
by keeping the stems in a continuously flowing system. That is, a system by which the vase water was 
continually renewed. Their results indicated that this was most likely due to a reduction in the number 
of bacteria growing on the cut surface. This suggests that stem blockage due to bacterial growth may 
be a critical factor limiting vase life of NSW Christmas bush. 
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The composition of Chrysal RVB is proprietary information. However, it is designed to reduce growth 
of bacteria and fungi in plant stems, as well as slowing down oxidative processes and neutralising 
secretion products. RVB is specifically designed for use with woody stemmed flowers and foliage.  
 
In this trial, the RVB pulse did not significantly affect vase life. The lack of effectiveness of the RVB 
pulse suggests that either it was not easily moved within the stems, it was ineffective against the 
causes of stem blockage in this case, or that including 15mg.L-1 DICA in the vase solution provided 
sufficient control of stem bacteria.  
 
7.3.1.3 Effect of stem size 
 
Initial results indicated that there was significant correlation between stem size and vase life, larger 
stems storing for longer than small stems. The effect was strongest in the fresh material and remained 
significant after 12 days storage (data not shown). However, this correlation did not occur at longer 
storage times.  
 
Although larger diameter stems generally took up a greater volume of water during vase life (fig 7.5), 
when water uptake was expressed as ml.g-1 stem weight this relationship was reversed. This suggests 
that stem diameter was not the major factor limiting water uptake and vase life.  
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Fig 7.5 The relationship between water uptake and stem size in freshly harvested NSW Christmas bush after 13 

days vase life. Results are expressed as total water uptake per stem (a) and total water uptake per gram stem 
fresh weight (b) 
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7.3.2 Year 2 - Harvest 1 
 
Freshly harvested NSW Christmas bush from harvest 1 (Year 2) had a mean vase life of 11 days. This 
was 3 days less than found previously (Year 1). This may be related to the fact that the flowers were 
somewhat immature when harvested.  
 
Cut stems from this harvest also did not store well. A number of bunches became severely dehydrated 
during storage. Even 1 week of storage reduced vase life to only 7 days. Longer periods had more 
severe effects, and after 3 and 4 weeks many stems were already unacceptable when they were 
removed from storage.  
 
While part of this lack of storability may be due to the initial quality of the material itself, it is likely 
also to be the result of excessive air circulation in the cool room combined with insufficiently wrapped 
product. The vents and plastic lining inside the cartons were left open at the ends to allow air to cool 
the product. This practice proved to be extremely damaging. The high rate of air circulation in the cool 
room severely dehydrated the stored product.  
 
This was confirmed by bunch weights recorded before and after storage. Average weight loss after 1, 
2, 3 and 4 weeks at 4oC was 4.4, 14.6, 24.4 and 38.7% respectively. Stems near the vents and carton 
tops were worst affected. While vase life was not correlated with weight loss, the data suggested that 
stems which had lost >25% of their initial weights were unlikely to be considered acceptable. 
 
The results demonstrate the importance of keeping a humid environment around NSW Christmas 
bush. While some ventilation is necessary in order to remove respiratory heat from the product, this 
must not be at the expense of maintaining a humid environment. Optimum packing of NSW Christmas 
bush for long term storage and sea freight is likely to be different to the way the product is packed for 
air freight;  

• During air freight storage time is short but temperature fluctuates. Carton vents may need to 
be kept open to ensure heat is removed from the product. 

• During sea freight temperature is low and stable but storage time is long. Once the product is 
cool it will generally stay cool. Ideally, cooled stems should be securely wrapped in plastic 
and the vents of the cartons closed to maintain high relative humidity around the product.  

 

7.3.3 Year 2 - Harvest 2 
 
7.3.3.1 Effect of storage time 
 
Of the three harvests of NSW Christmas bush conducted during 2004, harvest 2 was the best quality 
initially and this difference remained following storage. Based on the results from 2003, material 
stored for 2 or 3 weeks at 4oC would be expected to have a vase life of approximately 8 and 4 days 
respectively. However, in this case storage for up to 3 weeks did not significantly reduce vase life or 
the percentage of stems which remained acceptable after 1 week’s vase life (fig 7.6). On average, 
flowers remained acceptable for 10.2 and 9.7 days after 2 and 3 weeks at 4oC respectively. 
 



40 

0

20

40

60

80

100

0 5 10 15 20
Time (days at 20oC)

A
cc

ep
ta

bl
e 

st
em

s 
(%

)

fresh
stored 2 weeks
stored 3 weeks

 
Fig 7.6  The proportion (%) of Year 2, Harvest 2 stems stored for 0, 2 or 3 weeks at 4oC which remained 

acceptable (quality ≥ 2) during up to 20 days vase life at 20oC. Bars indicate the standard error of each mean 
value (n=4, 10)  

 
7.3.3.2 Effect of pulsing solutions and anti-transpirant 
 
None of the treatments (glucose pulse, sucrose pulse, Envy spray) had any significant effect on vase 
life and wilting compared to the control at the storage intervals tested.  
 
Spraying with the anti-transpirant Envy did not reduce stem weight loss, water uptake or wilting 
compared to other treatments. Envy is claimed to reduce transpiration rates by up to 50%, limiting 
water stress. It is possible that not enough of the compound was applied. In this trial Envy was sprayed 
at half the rate recommended for flowering plants. This was because initial tests indicated that the 
standard rate noticeably altered the appearance of the foliage and made the leaves somewhat sticky to 
touch. At this high concentration the cost of Envy is also likely to be an issue. 
 
Both glucose and sucrose were tested as positive results have been reported for other cut flower 
species. Supplying sugar, usually a sucrose solution, increases flower opening and extends vase life in 
many flower species (O’Donaghue et al., 2002). While sucrose feeds plant tissues, it also affects the 
osmotic balance in the plant. It may therefore play a role in plant water relations and/or alter gene 
expression (Kuiper et al., 1995, Smeekens, 2000). While sucrose is the usual form in which sugars are 
moved around the plant, glucose is the carbohydrate used to generate energy. Recently, a glucose 
pulse has been shown to reduce leaf blackening in proteas (Stephens et al., 2001), possibly by 
providing energy in a form which does not need to be broken down before use. 
 
In this study, the sugars were used in combination with Chrysal RVB. RVB does not contain 
significant carbohydrates itself, but is designed to reduce stem blockages. Chrysal have suggested that 
the product can be used in combination with a source of flower food. The lack of effect of either RVB 
alone or in combination with a source of nutrition suggests that either carbohydrates are not be the 
main factor limiting storage and vase life of NSW Christmas bush or such compounds are not readily 
translocated within the plant after harvest.  
 
7.3.3.3 Effect of packaging material 
 
While differences between the packaging methods used were also not statistically significant there was 
a trend suggesting that LDPE was a better lining material than ‘LongLife’ and that tight packing was 
better than loose packing. Both of these results are likely to be due to better moisture retention during 
storage, although further work is necessary to confirm this result. 
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7.3.3.4 Effect of stem size 
 
A weak, but significant, correlation between stem weight and vase life was found for fresh stems and 
those stored for 2 weeks. However, unlike the result from 2003, the correlation was negative. That is, 
larger stems had shorter vase lives overall. No correlation was found between stem diameter and vase 
life. Overall, it can be concluded that stem size has no consistent relationship with vase life. 
 

7.3.4 Year 2 - Harvest 3 
 
7.3.4.1 Effect of storage time and temperature regime 
 
The initial quality of cut stems from harvest 3 was poorer than from harvests 1 and 2 in the same year. 
The plants had suffered from psyllid damage and some water stress. This is reflected in the relatively 
poor initial average vase life of 10.5 days.  
 
Stored stems from harvest 3 did not suffer the severe dehydration of harvest 1 (bunches were securely 
wrapped in plastic and the box vents closed during storage). However, these bunches had only 
moderate storage life. Mean vase life after 2 and 3 weeks was 8.7 and 5.5 days respectively.  
 
While vase life was slightly reduced by simulated air freight, this difference was not significant 
relative to stems evaluated immediately after harvest (data not shown). The temperature regime used 
(fig 7.7) was conservative compared to some temperature records of shipments which were examined. 
However, during November, temperatures in Japan are quite low, reducing the risk of damage in the 
export market. Greater risks occur before export, when product left on the tarmac can heat rapidly. 
The results suggest that vase life of properly pre-cooled Christmas Bush should not be affected by air 
freight so long as it is handled according to good supply chain practices. 
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Fig 7.7  Temperatures recorded during simulated airfreight of NSW Christmas bush to Japan. Line represents 

mean temperature values recorded from two separate cartons. 
 
7.3.4.2 Effect of Effect of DETA-NO treatment and anti-transpirant 
 
All the pre-storage treatments tested significantly reduced vase life (table 7.2).  
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Table. 7.2  Mean vase life of NSW Christmas bush evaluated immediately after harvest (control) or subjected to 
simulated air freight to Japan (Air, box A and box B) compared to NSW Christmas bush treated with DETA-NO 
at 10mg.L-1or 100mg.L-1or sprayed with Envy then stored for up to 3 weeks at 4oC. Letters indicate means 
which are significantly different. 

Treatment Average vase life 

 No storage 2 weeks storage 3 weeks storage 

Control 10.5 a 8.7 a 6 a 

Air (box A) 10.2 a    

Air (box B) 9.2 a    

DETA-NO 10mg.L-1 9 a 5.8 b 4.9 ab 

DETA-NO 100 mg.L-1 8.5 a 5.9 b 5.3 ab 

Envy   5.1 b 4.4 b 
 
As previously, Envy did not inhibit weight loss during storage or vase life. Unlike the previous trial, 
however, Envy had a negative impact on vase life. It is possible that this was due to excess Envy 
dripping off the flowers and foliage and entering the vase water. If taken up by the plant it could 
presumably have contributed to stem blockages, which would account for the negative results. 
 
In this case, DETA-NO appeared to have a negative effect on quality and vase life. This is particularly 
evident from the percentage acceptable stems remaining after 7 days vase life (table 7.3). This is 
different to the results reported by Badiyan et al. (2004), who found positive results with both 10 and 
100mg.L-1DETA-NO for all floral species tested. The mechanisms of both positive and negative 
effects of NO on plants are still poorly understood (Leshem, 2000). One possible explanation may lie 
in the method of application. In the trial by Badiyan et al. (2004) the stems alone were exposed to the 
DETA-NO / gaseous NO. The method used in the current trial differed in that the whole flower stem 
would have been exposed to any gaseous NO produced by the DETA-NO powder.  
 
Table 7.3  Proportion of stems which remained acceptable (quality ≥2) following storage for up to 3 weeks at 
4oC + 1 week’s vase life for NSW Christmas bush untreated (control) or treated with DETA-NO at 10 or 
100ppm. 

 Stems remaining acceptable after 1 week of vase 
life (%) 

 No storage 2 weeks storage 3 weeks storage 

Control 75 50 25 

DETA-NO 10ppm 83 29 0 

DETA-NO 100ppm 67 4 0 

Envy 71 17 0 
 

7.4 Key Conclusions 
 
The results from Year 1 indicated that NSW Christmas bush could be stored for 2 weeks and still 
retain an acceptable vase life. In Year 2, this was partly confirmed. However, the results were 
complicated by variations in initial product condition for NSW Christmas bush harvested from 
different locations during the season. Small variations in initial quality appeared to result in larger 
differences in vase life after storage.  
 
In Year 2, harvest 2 proved to have not only the best initial quality, but also the best storage potential. 
This was reflected in the large numbers of stems which remained acceptable after 7 days vase life, 
even stems previously stored for 3 weeks (fig 7.8).  
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Fig 7.8  Percentage of Christmas bush stems still acceptable (quality ≥2) after 7 days vase life for material from 
3 harvests previously stored for 0, 14 or 21 days at 4oC. Bar indicates the least significant difference among the 

means (n=4). 
 
The results suggest that only Christmas bush which is in excellent condition at harvest is suitable for 
extended storage, including export by sea freight. Christmas bush which is in average quality initially 
is likely to deteriorate more during storage than Christmas bush which is in excellent, healthy and 
fresh condition when harvested.  
 
The reasons for such large variations in storage potential and vase life are unclear. Previous work on 
NSW Christmas bush examined the effect of growing environment on subsequent vase life. Stems 
from unprotected (field grown), semi protected (open rain shelter) and greenhouse environments on 
the NSW central coast had significantly different vase lives of 9, 15 and 12 days respectively. 
However, stems grown in unprotected and semi-protected environments on the NSW mid-north coast 
had a vase life of approximately 13 days regardless of growing environment (Ekman and Worrall, 
2005).  
 
Commercial production of NSW Christmas bush is almost entirely from the variety “Alburys red”. 
However, this may not be the best cultivar for all growing locations, environmental conditions and 
production systems. It seems likely that vase life and storage potential are strongly affected by the 
plants water status at harvest. Vase life and storability may also be affected by maturity at harvest and 
plant health. 
 
In summary, the key conclusions from these trials are; 

 NSW Christmas bush is suitable for exporting using sea freight. However, only good 
quality product should be shipped this way. 

 Air freight via a well functioning supply chain should not significantly reduce vase life. 
 Storage periods greater than 14 days greatly increased the risk that vase life will be 

unacceptably short.  
 No consistent relationship was found between stem size and vase life. 
 Controlling moisture loss is vitally important for extended storage. Bunches should be 

securely wrapped in plastic inside cartons. It may be appropriate to also seal the ends of 
the cartons before long term storage / sea freight. 

 Neither of the pre-storage pulses tested (Chrysal RVB, sucrose, glucose, DETA-NO) or 
spraying with Envy anti-transpirant provided any benefit in terms of increased storability 
or vase life and even had a negative effect. 
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8. Pink Waxflower 
 
Eriostemon australasius 
 
 
8.1 Introduction 
 
Pink waxflower (Eriostemon australasius) is endemic to NSW coastal areas, where it grows well on 
sandstone based soils with some protection by surrounding sparse canopy. However, productivity 
needs to be significantly increased if it is to reach its potential as a commercial cut flower species. 
Recent trials at GHI have examined growth of a number of promising Eriostemon cultivars grafted 
onto a variety of different rootstocks. Productivity may also be increased by growing in protected 
cropping systems. 
 
Evaluation of new cultivars often includes factors such as vigour, colour and size, whether the 
inflorescence is terminal and whether flowers open singly or together. However, a plant that has poor 
vase life and/or cannot be stored is likely to have limited success as a cut flower crop no matter how 
positive it’s other features.   
 
In this trial we have evaluated the storage and vase life potential of a number of promising new 
Eriostemon cultivars. This will assist in further development of the species as a cut flower crop 
suitable for the export market.  
 
 
8.2 Materials and Methods 
 
Four cultivars of Eriostemon australasius (EA6, EA94, EA152 and EA200) were selected for 
postharvest evaluation. The plants were grown on-site at GHI. Approximately 20 stems were harvested 
from each of 4 plants per variety. Each plant was considered statistically as a ‘block’. Stems were 
selected which had approximately 12 (±4) flowers or buds. Various maturity stages were used, ranging 
from stems with mature buds only to stems with all flowers fully open. On arrival at the laboratory the 
stems were trimmed and separated into two equal groups. One group was used for immediate 
assessment of vase life. The remaining stems were loosely wrapped in LDPE plastic, placed in flower 
cartons and stored for 2 weeks at 1oC.  
 
To conduct vase life assessments, stems were placed individually in containers filled with distilled 
water containing 10 mg.L-1 free available chlorine as DICA and stored under standard vase life 
conditions (Reid and Kofranek, 1980). Water uptake, stem weight, maturity and acceptability were 
recorded every 2 days for the duration of vase life.  
 
The maturity stage of each individual flower or bud was assessed by comparison with a pictorial scale 
developed specifically for the cultivar (fig 8.1). A ‘maturity grade’ for each stem was calculated by 
adding the maturity scores and then dividing by the total number of flowers on the stem.   
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Fig 8.1  Maturity grading scale for pink waxflower cv. EA94 

 
Quality is difficult to define for Eriostemon cultivars. In this species spent flowers are retained for 
some time on the plant. After flowering and pollination the petals incurve, forming striped balls which 
remain colourful, turgid and, arguably, attractive. To improve consistency in evaluation of quality 
grade, such flowers were considered unacceptable only if they were faded or wilting. Acceptability 
was ranked from 4 (excellent, fresh) to 0 (dead). To reduce errors caused by inconsistent allocation of 
subjective quality grades, the values were plotted against time and a 3rd order polynomial trend line 
(Microsoft Excel 2002) was fitted to each data set. The point where this line passed below 2 was 
considered to be the end of acceptable vase life. 
 
Data was analysed using CoStat 6.302 (CoHort Software USA). The Student Newman Keuls test (α = 
0.05) was applied to calculate the least significant difference between treatments. 
 
 
8.3 Results and Discussion 
 
Vase life of fresh stems differed significantly between the cultivars, ranging from 11 to 5 days (table 
8.1). Only two of the four varieties had vase lives >7 days. The cultivar which was arguably the least 
spectacular (EA6) proved to have the best vase life (11 days). 
 
Storage life was greatly reduced following storage for 2 weeks at 1oC. None of the varieties still had 
the minimum required 7 days vase life. For one cultivar (EA200), none of the stems were in acceptable 
condition on removal. Vase life of cv. EA94, the most favoured for further development, was reduced 
by more than a week to less than 2 days following storage (Table 8.1).  
 
It is possible that some of this adverse effect may have been chilling injury. Although many of the 
stems appeared in good condition initially, they rapidly deteriorated after warming to 20oC and many 
showed distinct browning of the petal mid-ribs. Further work is required to determine whether this 
effect was chilling injury or senescence, and whether 1oC was the optimum temperature for this 
species.  
 
Table 8.1 Vase life of four varieties of Eriostemon australasius immediately after harvest and following 2 weeks 
storage at 1oC. Letters indicate mean values that are significantly different for each storage time.   

Vase life 
Variety 

No storage Stored for 2 weeks 
at 1oC 

EA6 11.2 a 4.3 a 
EA94 8.8 b 1.2 b 
EA152 5.6 c 4.7 a 
EA200 5.4 c -  
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Vase life was also strongly affected by maturity at harvest (fig 8.2). More than 55% of buds at 
maturity stage 1 and 100% of buds at maturity stage 2 opened before the stem reached the end of vase 
life (data not shown). Although most buds opened during the first week, development continued for up 
to 14 days after harvest. Spent flowers were usually retained on the stems for the duration of vase life. 
Vase life was more often terminated by sudden wilting than by gradual senescence (data not shown). 
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Fig 8.2  Effect of stem maturity at harvest on subsequent vase life of Eriostemon australasius cv. EA6. Bar 

indicates the least significant difference between mean values. 
 
Growers usually harvest Eriostemon stems when approximately 50% of the flowers are open (maturity 
score 2-3). These results suggest that growers could maximize postharvest life by harvesting when the 
flowers are mature buds (maturity score 0-1).  
 
 
8.4 Key Conclusions  
 
The variations in vase life of E. australasius between different varieties and maturities demonstrate the 
importance of conducting such trials when the crop is in an early stage of development. In this case, 
the variety which was thought to have the best commercial potential had an unacceptably short vase 
life.  
 
Key points from this work are; 

 The cultivars of E. australasius  tested did not have sufficient storage life to allow 
shipping by sea. 

 E. australasius should be harvested at a mature bud stage (maturity 0-1)  in order to 
maximize potential vase life 

 Development of new varieties should include vase life assessments at an early stage in the 
crop development. 
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9. Protea cv. Duchess and 
Protea cv. Pink Ice 
 
Protea eximia and P. compacta x P. susannae  
 
9.1 Introduction 
 
The Proteaceae family is a large and diverse genera of plants with its 
origin in the mega-continent of Gondwana. They are mainly found in 
Australia and South Africa, although a few species are scattered around 
Asia. Australian Proteaceae grown as cut flower crops include grevilleas, 
banksias and waratahs.  
 
Although proteas themselves are South African in origin, their 
requirements are similar to those for some Australian native plants and 
they are often cultivated by growers of these species. Proteas are grown in 
every state of Australia for both domestic and export markets. It has been 
estimated that South African proteaceae account for around 20% of total 
‘native’ flower production (Cannon and McConchie, 2001), suggesting 
these plants could be worth $10-20 million annually. 
 
The most serious disorder affecting many protea species is postharvest leaf blackening. The species 
Protea neriifolia is even named after the disorder. Commercially important species such as P. eximia, 
P. compacta and hybrids derived from one of these (such as cv. Pink Ice) also develop leaf blackening 
after harvest to varying degrees. Leaf blackening is increased if the plant is stressed due to lack of 
water, insect damage or the presence of ethylene, or if stems are harvested early in the morning and/or 
when the plant is wet (van Doorn, 2001). Leaf blackening is a significant disincentive to export as 
stems which are fresh and green when packed can turn black by the time they arrive in the export 
market. This greatly reduces their saleability and value in the market. 
 
The primary cause of leaf blackening is depletion of carbohydrates in the leaves (McConchie et al., 
1991). This occurs because the large, terminal flower head has very high energy demands, with the 
result that carbohydrates are stripped from surrounding leaves. Nectar production (van Doorn, 2001) 
and the high respiration rate of the flower head (Ferreira, 1986) are two reasons for this high energy 
demand. This may be confirmed by removing the flower or girdling the stem just below the head, both 
of which can reduce the onset of leaf blackening (Reid et al., 1989, Paull and Dai, 1990).   
 
One method of reducing leaf blackening which has recently been explored is the use of ethanol as a 
vapour or postharvest pulse. Ethanol vapour has been shown to inhibit scald in apples (Scott et al., 
1995) and also reduced leaf blackening in Pink Ice proteas (Crick and McConchie, 1999). Ethanol can 
also inhibit leaf blackening when applied through a dip (Jones and Cass, 1995) or holding solution 
(Cannon and McConchie, 2001). Cannon and McConchie (2001) demonstrated that a postharvest 
pulse with ethanol could reduce development of leaf blackening in cv. Pink Ice. 
 
An alternative solution involves providing additional carbohydrates in either a vase solution or as a 
postharvest pulse. This method has had mixed success. Holding solutions containing sucrose have 
been reported to both decrease (Bieleski et al., 1992, Paull and Dai, 1990) and increase (Jones, 1991) 
leaf blackening. High concentration sucrose pulses before storage may provide some benefit (Jones, 
1991, McConchie and Lang, 1993), but still do not provide a commercial solution. 
 
Recent work by South African researchers has suggested that glucose, rather than sucrose, could 
provide an answer. Glucose pulses significantly increased vase life for five of seven protea cultivars 
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tested (Stephens et al., 2003). Perhaps even more importantly, a glucose pulse inhibited blackening 
during and after 3 weeks storage. This is sufficient time to allow sea freight of proteas from South 
Africa to Europe (Stephens et al., 2005) and the technique is reportedly now used commercially.  
 
Initial trials were conducted using P. eximia cv. Duchess and P. compacta x P. susannae cv. Pink Ice 
to determine whether glucose pulses reduced leaf blackening in Australian grown stored and unstored 
flowers, and if so what concentrations were optimal. 
 
 
9.2 Materials and Methods 
 
Pink Ice and Duchess proteas were harvested from a commercial property near Nowra, on the NSW 
south coast during March, 2006. Duchess flowers were selected which were fully coloured but with 
sepals still closed at the apex. The apical sepal opening of harvested Pink ice was 0-20mm.  
 
All stems were placed immediately in 20L buckets of water and transported directly to the GHI 
laboratory by air conditioned vehicle (approximately 20oC, 6 hours). Following overnight storage at 
4oC the stems were trimmed to 50cm long and stripped back to 25 leaves.stem-1 for Pink Ice and 15 
leaves.stem-1 for Duchess. The stems were sorted into six groups of 30 stems per treatment. A base 
solution of distilled water containing 15 mg.L-1 free available chlorine as DICA was used to make the 
following pulsing solutions; 

1. base alone (control) 
2. 3% sucrose + base 
3. 3% glucose + base 
4. 6% glucose + base 
5. 9% glucose + base 
6. 3% glucose + 5% ethanol + base 

 
The stems were pulsed for 20 hours at 20oC. Half of the flowers were placed in individual vases filled 
with base solution for evaluation of vase life under standard conditions (Reid and Kofranek, 1980). 
The remainder were packed into boxes lined with ‘LongLife’ microperforated film and stored at 1oC 
for either 2 or 3 weeks. 
 
Flower quality was evaluated daily by comparison with standardised grading scales (fig 9.1a,b). 
Opening of each flower was recorded by measuring the diameter between the outer sepals (fig 9.1d). 
Leaf blackening was assessed by comparison with a standardised scale (fig 9.1c) and the number of 
leaves estimated to have 0-9%, 10-50% or >50% blackening was recorded daily for each stem. These 
scales were used because they evaluated the visual impact of the blackening. That is, <10% was not 
greatly noticeable whereas if >50% of the leaf was blackened it was visually fully black. This data was 
used to calculate the total number of leaves with any blackening as well as the approximate percentage 
of the leaf area affected.  
 
Flower life was calculated by plotting flower quality against time for each stem. A polynomial 
trendline was fitted to the data and used to estimate the time taken for quality to fall to score=2 (fair 
quality, some limpness in sepals, browning on lower part of inflorescence, not marketable).   
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Fig 9.1  Grading scales for quality attributes of proteas. Flower quality of Pink Ice (a) and Duchess (b), leaf 
blackening (c) and flower opening (d). 
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9.3 Results and Discussion 
 

9.3.1 P. compacta x P. susannae cv. Pink Ice 
 
The stems were extremely variable within each treatment. Initially identical stems suffered rapid and 
total leaf blackening or none at all. Nevertheless, a number of significant differences were observed.  
 
9.3.1.1 Pink Ice flower quality 
 
Flower life decreased from 13 days for fresh stems to 10 or 6 days after 2 or 3 weeks storage 
respectively (table 9.1). None of the pulsing solutions provided any benefit in terms of improving 
flower quality during vase life. High concentrations of glucose actually had negative effects. Bracts of 
flowers pulsed with 9% glucose tended to become brown and discoloured, indicating toxicity.  
 
Table 9.1 Days until flower quality fell to score=2 for Pink Ice proteas pulsed with water only (control), 3% 
sucrose, 3, 6 or 9% glucose or 3% glucose combined with 5% ethanol and stored for up to 3 weeks at 1oC. 
Letters indicate the means which are significantly different at the 0.05% confidence level. 

Vase life (days) 
Treatment 

No storage 2 weeks storage 3 weeks storage 

Control 14.4 a 12.0 a 7.2 a 

3% sucrose 15.8 a 9.4 a 5.2 a 

3 % glucose 15.0 a 11.6 a 7.6 a 

6% glucose 11.4 b 9.8 a 7.2 a 

9% glucose 10.0 b 6.0 b 4.0 a 

3% glucose + 5% ethanol 8.6 b 12.2 a 7.6 a 
 
Flowers which had been stored for either 2 or 3 weeks didn’t open as widely as fresh flowers (data not 
shown). Freshly harvested flowers opened rapidly and continued to expand for 7 days during vase life. 
In contrast, flowers which had been stored expanded more slowly during 3-3.5 days after transfer to 
20oC.  
 
9.3.1.2 Pink Ice stem weight 
 
Stem weight during vase life was also affected by the pulsing solution. After 7 days vase life the stems 
pulsed with 9% glucose and stored for 2 or 3 weeks had suffered significantly more weight loss than 
the non-pulsed controls (table 9.2). Water uptake was reduced in stems pulsed with 6 or 9% glucose, 
although this only became significant when the stems were stored for 3 weeks (data not shown). 
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Table 9.2 Stem weight as a proportion (%) of initial value following 7 days vase life for Pink Ice proteas pulsed 
with water only (control), 3% sucrose, 3, 6 or 9% glucose or 3% glucose combined with 5% ethanol and stored 
for up to 3 weeks at 1oC. Letters indicate the means which are significantly different at the 0.05% confidence 
level.  

Stem weight (% of initial) 
Treatment 

No storage 2 weeks storage 3 weeks storage 

Control 106.9 a 95.7 a 98.0 a 

3% sucrose 103.9 ab 98.6 a 90.1 ab 

3 % glucose 102.2 ab 103.6 a 98.3 a 

6% glucose 96.0 bc 96.9 a 93.3 ab 

9% glucose 98.6 abc 83.4 b 65.5 b 

3% glucose + 5% ethanol 93.6 c 96.6 a 92.9 ab 
 
9.3.1.3 Pink ice leaf blackening 
 
Storage for either 2 or 3 weeks increased leaf blackening relative to unstored stems (fig 9.2). Although 
most stems were fully green when removed from storage, blackening developed rapidly once they 
warmed to 20oC. Blackening continued during vase life.  
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Fig 9.2  Approximate leaf area (% of total) affected by blackening for non-pulsed controls of Pink Ice stored for 

0, 2 or 3 weeks at 1oC during subsequent vase life. Bars represent the standard error of each mean value. 
 
For stems evaluated immediately after harvest, the highly variable expression of leaf blackening meant 
that most of the effects of pulsing treatments were not statistically significant. However, it was 
observed that all of the stems pulsed with 6% glucose remained completely free of blackening for over 
8 days of vase life (data not shown). The stems pulsed with 3% glucose had no more than one 
blackening leaf after a week of vase life (data not shown). In comparison, most of the non-pulsed 
control stems had one or two blackening leaves within 5 days of the start of the trial (data not shown).  
 
For stored stems, neither the total number of blackened leaves nor the percentage area affected varied 
between the two storage times. Accordingly, the data were combined to analyse the effects of the 
different pulsing solutions (fig 9.3). Stems pulsed in 3% sucrose developed significantly more leaf 
blackening than any of the glucose pulsing treatments. The 9% glucose pulse significantly reduced 
leaf blackening relative to the non-pulsed control. However, as previously stated, this concentration 
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caused unacceptable damage to the flowers. There was no advantage of adding ethanol to the glucose 
pulse, or of increasing the concentration from 3 to 6%.   
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Fig 9.3  Approximate leaf area (% of total) affected by blackening during vase life for Protea cv. Pink Ice 

pulsed with 3% sucrose, 3, 6 or 9% glucose or 3% glucose combined with 5% ethanol then stored (for 2 or 3 
weeks) at 1oC. Bars represent the standard error of each mean value. 

 
Pulsing with 3-6% glucose could be highly beneficial for Pink Ice if they were being shipped by sea. 
If the limit of acceptability for leaf blackening is 20% of foliage area affected, then vase life of stored 
stems was increased from ~4 days for control stems pulsed in water to approximately 10 days by 
pulsing in 3 or 6% glucose. The foliage and flower heads of stems pulsed in 3-6% glucose deteriorated 
at a similar rate during vase life. Effectively, vase life was maintained instead of ended prematurely by 
leaf blackening.   
 
The results are consistent with those reported by Stephens et al. (2003) who also found that 3% 
glucose was the optimal pulsing solution for Pink Ice. However, that research found that the glucose 
pulse doubled vase life of non-stored stems, which was a greater effect than found in this study.  
 
The same team later experimented with stored stems (Stephens et al., 2005). Once again, the reported 
inhibition of leaf blackening by glucose pulses was much greater than found in the current trial. For 
example, Pink Ice proteas pulsed with 0, 4 or 6% glucose, stored at 1oC for 3 weeks, then placed under 
vase life conditions for 7 days had 82, 35 and 16% blackened leaves respectively. In contrast, we 
found that proteas pulsed with 0%, 3% or 6% glucose and stored for 3 weeks had 100, 87 and 72% 
blackened leaves respectively after 7 days vase life. Clearly, whereas 16% blackening is likely to be 
commercially acceptable, 72% is not.  
 

9.3.2 P. eximia cv. Duchess 
 
9.3.2.1 Duchess flower quality 
 
As observed for Pink Ice, there was enormous variability between individual stems. Unlike Pink Ice, 
however, pulsing had a significant benefit in terms of flower quality and longevity (table 9.3). Pulsing 
with 3 or 6 % glucose or 3% sucrose significantly increased the time that the flower remained 
acceptable (score ≥2). Stems pulsed with glucose appeared to retain this effect better following storage 
than those pulsed with sucrose, but more work is necessary to confirm this result.  
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Table 9.3  Days until flower quality fell to score≤2 for Duchess proteas pulsed with water only (control), 3% 
sucrose, 3, 6 or 9% glucose or 3% glucose combined with 5% ethanol. Letters indicate the means which are 
significantly different at the 0.05% confidence level. 

Vase life 
Treatment 

No storage 2 weeks storage 3 weeks storage 

Control 8.0   b 5.0   b 2.2 a 

3% sucrose 10.2 a 6.6 ab 0.6 a 

3 % glucose 9.8 a 9.0 a 5.2 a 

6% glucose 9.6 a 6.6 ab 4.8 a 

9% glucose 7.6   b 7.4 ab 3.2 a 

3% glucose + 5% ethanol 8.2   b 7.4 ab 5.0 a 
 
Although harvested fully closed, many of the Duchess flowers had started to open during the ~24 
hours between harvest and when pulsing was completed. Unlike Pink Ice (which did not open during 
storage) stored Duchess flowers continued to expand. The mean opening diameter of Duchess sepals 
increased from 20mm (initial) to 56mm after 2 or 3 weeks storage. Stored flowers opened little during 
subsequent vase life, reaching their maximum diameter after 3 or 1 day/s following 2 or 3 weeks 
storage, respectively. In contrast, fresh stems continued to open for 6 days during vase life. Non-stored 
stems reached a mean maximum diameter of 77mm, whereas those stored for 2 or 3 weeks attained 66 
and 58mm, respectively.  
 
9.3.2.2 Duchess stem weight 
 
Unlike Pink Ice, there was no significant effect of pulsing on either stem weight loss during vase life 
or water uptake.  
 
9.3.2.3 Duchess leaf blackening 
 
Leaf blackening was severe for Duchess, especially following storage for either 2 or 3 weeks at 1oC 
(fig 9.4). If it is assumed that vase life ends when >20% of the leaf area is blackened, then mean vase 
life was 8, 0.5 and 0 days for non-pulsed control stems stored for 0, 2 and 3 weeks respectively.  
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Fig 9.4  Approximate leaf area (% of total) affected by blackening for untreated Duchess proteas stored for 0, 2 

or 3 weeks at 1oC during subsequent vase life. Bars represent the standard error of each mean value. 
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In general, the pulsing treatments reduced the severity of leaf blackening. In fresh stems, these 
differences were not significant (fig 9.5a).  However, pulsing with 3 or 6 % glucose (including the 3% 
glucose + ethanol mixture) significantly slowed the onset of leaf blackening during the first few days 
of vase life for stems stored for 2 weeks (fig 9.5b). In the case of stems stored for 3 weeks, pulsing 
with 6 or 9% glucose reduced leaf blackening occurring during storage (data not shown). However, 
these stems deteriorated rapidly on removal to 20oC and any differences between the treatments 
rapidly disappeared. 
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Fig 9.5  Approximate leaf area (% of total) affected by blackening during vase life for Duchess proteas pulsed 

with 3% sucrose, 3, 6 or 9% glucose or 3% glucose combined with 5% ethanol evaluated immediately after 
harvest (a) or stored for 2 weeks at 1oC (b). Bars represent the standard error of each mean value. 
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9.4 Key Conclusions 
 
Leaf blackening and flower quality varied greatly between individual stems during vase life. In this 
study only 10 stems were used for each treatment / storage time combination. A subsequent attempt to 
repeat this work was abandoned when many stems showed signs of leaf blackening less than 24 hours 
after harvest. In this case the stems were harvested later in the season and had scale damage. This 
emphasises the importance of repeating such work at different times of year, as susceptibility to leaf 
blackening can vary seasonally (Paull and Dai, 1990). A larger trial is certainly required to ensure 
results are robust before commercial application.  
 
Not only was considerable stem to stem variability observed in this trial, the effect of glucose pulses 
was less than that previously reported in the literature (Stephens et al., 2005). Some variability in the 
effect of glucose pulses on inhibition of leaf blackening may be due to differences in uptake of 
solution between stems. In this trial, only the total uptake of each treatment group was recorded. On 
average, each stem took up 8ml of the 3% glucose solution compared to only 2ml of the 9% glucose 
solution, 3% sucrose and 6% glucose being intermediate. In the work by Stephens et al. (2005) all 
stems took up 10ml of solution. Uptake is affected by the initial hydration of the stem, the osmotic 
potential of the solution and the air circulation rate and relative humidity around the stems. Future 
research should involve pulsing stems individually to ensure that a standard volume of solution is 
taken up before storage. 
 
In summary, the main findings are; 

 A 3% glucose pulse could be beneficial for both Pink Ice and Duchess proteas. 
 There was no advantage in adding 5% ethanol to the pulsing solution. 
 Glucose was a more effective pulse than sucrose for both protea cultivars 
 In the case of Duchess, the glucose pulse reduced leaf blackening and improved flower 

quality, depending on the storage treatment. Despite this, leaf blackening remained a 
major issue. The extended storage necessary to allow sea freight is not possible for 
Duchess.  

 Glucose pulsing could potentially allow sea freight of Pink Ice so long as the effect of 
glucose pulsing remains consistent across different harvests, growers and regions. 

 Previous work on Pink Ice reported greater inhibition of leaf blackening by glucose 
pulses than was observed in this experiment. A larger trial is needed to assess the 
variability of the treatment effects before commercial application of this method. 
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10. White Cassinia 
 
Cassinia sp. 
 
 
10.1 Introduction 
 
 
‘White cassinia’ resembles rice flower (Ozothamnus diosmifolius) but, as opposed to the mainly spring 
flowering rice flower, White cassinia flowers mid-summer (late December to early January).  White 
cassinia has tentatively been identified as Cassinia quinquefaria  by Brisbane Botanic Gardens, but 
this selection is a particularly attractive variant.  
 
White cassinia is being developed as a cut flower by Mr David Hockings in collaboration with the 
Centre for Native Floriculture in Gatton. The summer flowering of this plant could have particular 
marketing advantages. Rice flower mostly blooms in spring and so must compete with a wide range of 
other, potentially cheaper filler species in the Japanese market (Beal et al., 1996).  There are fewer 
choices in December-January, giving White cassinia a potential advantage. Mid-summer harvests 
would also suit growers, who have already finished harvesting other crops such as Christmas bush and 
kangaroo paw by this time of year.   
 
Previous studies identified a number of Cassinia species with potential for commercialisation 
(Turnbull and Beal, 1998). This new variety has been selected as having superior qualities suitable for 
development as a cut flower crop. Initial postharvest trials were, therefore, conducted to evaluate vase 
life and storage characteristics of White cassinia.  
 
 
10.2 Materials and Methods 
 
White cassinia was harvested from a commercial native plant-breeding nursery and flower farm at 
Maleny, Queensland. Stems were harvested when the first yellow anthers were evident from tight 
white buds. They were cut directly into buckets ¼ filled with de-ionised water and shaded during 
transportation to the Gatton laboratory (<3 hours).  
 
The method used to simulate long-term storage is similar to that already described for Geraldton wax 
cv. My Sweet Sixteen (fig 10.1). Morphologically uniform stems were selected, stripped of their lower 
leaves, recut to 35 cm length and randomly allocated to bunches of 7 stems. Bunches were treated as 
statistical blocks during treatments and measurements. 
 
Bunches were dipped for 1 min in 1 mL/L Rovral ® Aquaflo fungicide (active ingredient iprodione, 500 
g/L) and 2.5 mL/L Cislin® insecticide (active ingredient deltamethrin, 10 g/L).  The dip was allowed 
to dry to the stems at 20°C for 2 hours. Bunches were then covered with a loose fitting plastic bag and 
stood in de-ionised water for at least 12 hours at 2°C to ensure stems were fully hydrated. Following 
hydration, each bunch of 7 stems was sealed in a 35 µm thick low density polyethylene (LDPE) bag 
perforated with 4 x 5 mm diameter holes. 
 
A total of 20 bunches were divided between 4 replicate flower cartons for storage at 2 ± 1°C.  After 
the required storage period (0, 1, 2, 3 or 4 weeks), 1 bunch per box was removed from storage.  The 
control treatment of 0 weeks storage was removed from 2°C within 4 h of packaging.   
 
Vase life was assessed under standard conditions (Reid and Kofranek, 1980). Five stems from each of 
the 4 replicate bunches were used for vase life assessment.  The 2 remaining stems per bunch were 
used to measure post storage respiration rate and chlorophyll fluorescence.  Respiration rate of the 15 
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cm apical sprig cut from whole stems was measured at the storage temperature (2°C) and after 
equilibration to 20°C for 2 hours according to the method outlined below.  Mature leaves from the 
lower stem sections (not used for measurements of respiration) were used to assess chlorophyll 
fluorescence (n= 4), according to the method also outlined below.   
 
The vase life, respiration and chlorophyll fluorescence data were analysed by ANOVA (general linear 
model; Minitab® Release 14).  Stem weight and solution uptake were recorded separately every 
second day of vase life and analysed using ANOVA (general linear model; Minitab ® Release 14).  
Significantly different (P ≤ 0.05) means were separated by the least significant difference test (l.s.d.) at 
the P = 0.05 level. 
 
 

 
Fig 10.1  Experimental design for examining quality attributes of White cassinia following up to 4 weeks 

storage at 2oC. The process outlined in the diagram was replicated 4 times and the replicates were treated as 
blocks for statistical analysis. 

 

10.2.1 Vase life 
 
Each stem was recut under water then individually placed in a plastic vase containing 300 mL of 
deionised water with 10 mg/L of free available chlorine as sodium dichloroisocyanuric acid (DICA). 
The vase opening was closed with aluminium foil to restrict water evaporation and prevent fouling of 
the vase solution with plant debris.   
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Flower and leaf quality (fig 10.2, fig 10.3) was assessed daily for symptoms associated with the end of 
vase life as follows; 
 
Flowers 
Tip wilting : Bending of the stem near the tip of flowering or vegetative shoots 
Opening : Perceived dulling of the flower head when petals open 
Disease : Mycelium on anthers or browning anthers. 
 
Leaves 
Desiccation : Dulling and wrinkling of leaves 
Browning : Brown to black discolouration of leaves 
 
Each attribute was rated on a 1 to 5 scoring system:  

1   no visible symptoms  
2   limited symptoms that are unlikely to impair saleability  
3   obvious symptoms that would impair saleability  
4   severe symptoms  
5   extreme symptoms  

 
Vase life was terminated when a score of 3 was recorded for any symptom.   
 

 
 
Fig 10.2  Symptoms of tip wilting (A), general wilting (B), flower opening (C) and diseased buds (D) in White 

cassinia flowers. 
 

 
 

Fig 10.3  Symptoms of leaf blackening (A) and tip browning (B) on White cassinia leaves. 
Stem weight and vase solution uptake were recorded every second day. Stem weight was calculated as 
a percentage of the initial value. Water uptake was recorded in ml per gram initial stem fresh weight 
per 2 days.   
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10.2.2 Respiration rate 
 
The apical, 15 cm flowering portion of each stem was excised and placed into a 1 L glass-preserving 
jar (Fowlers Vacola, Australia).  Jars were closed airtight and incubated in the dark at the required 
temperature until CO2 had accumulated in the jar headspace (concentration < 0.4%).   
 
Headspace samples (1 ml) were analysed using a GC8A gas chromatograph (Shimadzu; Japan), fitted 
with a thermal conductivity detector.  Respiration rate (R) in mmol/kg.h was calculated according to 
the equation: 
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Δ
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Where; Δ CO2 is the difference between the sampled jars CO2 concentration and a blank control jar, 
volume is the jar capacity less the sample volume, time is the duration of incubation and the 
temperature was recorded during the incubation.  
 
Means and standard errors were calculated for the respiration rate at each storage temperature. 
 

10.2.3 Chlorophyll fluorescence 
 
Chlorophyll fluorescence of cut stems was determined using a PAM 2000 portable chlorophyll 
fluorometer (Waltz, Germany).  Leaves were held together in groups in order to fill the sampling ring 
of the chlorophyll fluorometer leaf clip holder.  Once the leaves were dark adapted (kept in the dark at 
20oC for 4-6 hours), they were inserted into the leaf clip holder.  The photosynthetic apparatus was 
primed with low intensity light (λ > 670) before measurement of minimal fluorescence (FO).  The 
tissue was then subjected to saturating white light to determine maximal fluorescence (FM).  Variable 
fluorescence (FV) was calculated by FM - FO. Chlorophyll fluorescence (maximum quantum yield of 
photosystem II) was expressed as FV/FM. 
 
 
10.3 Results and Discussion 
 

10.3.1 Vase life 
 
Freshly harvested White cassinia stems have a vase life of about 10 days. However, vase life rapidly 
declined as storage time increased (fig 10.4). Vase life was less than 6 days after only 1 week of 
storage.  
 
At all storage durations vase life was terminated because of poor foliage quality rather than poor 
flower quality. The leaves rapidly became brown and desiccated during vase life. The flowers had 
vase lives of 7.9 and 5.7 days after 1 and 2 weeks storage, respectively (data not shown). Flower life 
ended when the individual florets opened causing dulling of the flower head.  
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Fig 10.4  Vase life at 20oC of White cassinia stored for up to 4 weeks at 2oC. The bar indicates the least 

significant difference between means (n=20). 
 
White cassinia stems lost weight rapidly during vase life evaluation (fig 10.5). Even the control stems 
(0 weeks storage) dehydrated significantly after only a few days. Weight declined with water uptake, 
which fell from >2 ml.g-1.day-1 to <0.4 ml.g-1.day-1 after 5 days (data not shown).  
 
Storage significantly reduced water uptake during vase life compared to unstored stems (data not 
shown) and increased the proportion (%) of weight lost during vase life (fig 10.5). 

50

60

70

80

90

100

2 4 6 8 10 12
Time (days)

St
em

 w
ei

gh
t (

%
 o

f o
rig

in
al

)

0 storage 1 week
2 weeks 3 weeks
4 weeks

= LSD (avg)

 
Fig 10.5 Changes in stem weight of White cassinia stems during vase life at 22oC after storage for 0 to 4 weeks 
at 2oC. The bar indicates the average least significant difference between storage treatments for all evaluation 

times.  

10.3.2 Respiration rate 
 
White cassinia respiration rates, measured on removal from storage, were not significantly different to 
the fresh, unstored stems. The exception was the 1 week storage treatment, which showed a small but 
significant increase (data not shown). Changes in respiration rate can indicate that plant material 
stressed, damaged or senescent. In this way it could be an objective indicator of plant health. However, 
in this case there was no observed correlation between respiration at 20oC and vase life of White 
cassinia.  
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10.3.3 Chlorophyll fluorescence 
 
Chlorophyll fluorescence, expressed as FV/FM, declined as storage time increased (fig 10.6). However, 
as previously found for Geraldton wax cv. My Sweet Sixteen, this reduction from initial values was 
not statistically significant until stems were stored for over 3 weeks. As vase life declined considerably 
after only 1 week of storage, this suggests that fluorescence is a poor indicator of potential vase life.  
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Fig 10.6 Chlorophyll fluorescence of White cassinia stems stored for up to 4 weeks at 2oC 

 
 
10.4 Key Conclusions 
 

 The results suggest that White cassinia is not suitable for shipping by sea due to 
deterioration of the foliage during and after storage.  

 Storage for even 1 week reduced vase life to less than 6 days, the limit of what would be 
acceptable in the market.  

 It may be possible to increase vase life by storing nearer 0oC, but this is unlikely to be 
commercially feasible due to the risk of freezing. 
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11. PART TWO - 
Shipping Trial to Japan 
 
 
 
11.1 Introduction 
 
The first part of this report has been solely concerned with laboratory trials. These examined 
treatments that could be used to optimise the storage potential of various native flower species. Part 
way through the project, in collaboration with Maersk Sealand, we conducted an actual trial export by 
sea. We were also able to travel to Japan to see what happened when the flowers arrived and to assess 
outturn quality immediately and again after a short period of vaselife.  
 
The shipment took place in November 2005. This was the end of the season for some products, but the 
start for others, increasing the number of species we were able to trial. The container was transported 
on the Maersk Toba, which departed Brisbane on November 19th and docked at Yokohama on 
November 28th. This report describes the preparation for export in Brisbane as well as what happened 
when the container arrived in Japan.  
 
As well as Maersk Sealand, other organisations directly involved included NSW Department of 
Primary Industries, the Centre for Native Floriculture, the Australian Flower Company, Austrade, 
Shima Trading, the Queensland Department of Primary Industries and Fisheries and Vision 
International Freight Forwarders.  
 
 
11.2 Materials and Methods 
 

11.2.1 Sourcing the material 
 
We decided to work with one Australian exporter and one Japanese importer so as to simplify 
paperwork requirements. 
 
Growers were either contacted directly by NSW DPI or through the Australian Flower Company. A 
letter was sent to each grower explaining the purpose of the trial, the special requirements of sea 
freight and the potential risks / benefits of their involvement. We also gathered information about the 
harvest and treatment of each consignment as this could impact on the outturn quality of individual 
lots. It was considered useful to have a large range of products and product sources so as to gain as 
much information as possible from the trial. 
 
Flowers and foliage were delivered to Vision International’s freight forwarding facility in Brisbane on 
Wednesday 16th and Thursday 17th November, 2005. All products (excepting a consignment of pine 
tails) were kept at 5oC until they were loaded into the shipping container. Table 11.1 details the 
products and sources.   
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Table 11.1  Flower and foliage species included in sea freight trial and sources of material. 

Scientific Name Common Name Supplier/s 

Flowers   
Anigozanthus spp. Kangaroo paw North Coast Flower Growers Co-operative, J&D 

Eggins, C&J Hearn, J&J Marshall, J&S Wolfraad. 

Backhousia myrtifolia  C&J Hearn. 

Blandfordia nobilis Christmas bell C&J Hearn. 

Ceratopetalum gummiferum NSW Christmas bush Top of the Range Flowers, High Country Australian 
Native Flora, North Coast Flower Growers Co-
operative, J&D Eggins. 

Leptospermum spp. Lavender Queen The Australian Flower Company. 

Leucodendron cv. Pisa  The Australian Flower Company. 

Leucodendron discolour  The Australian Flower Company. 

Leucospermum spp. Pincushion The Australian Flower Company. 

Ozothamnus diosmifolius Rice flower The Australian Flower Company. 

Ozothamnus spp. Tasmanian rice flower The Australian Flower Company. 

Foliages   
Allocasuarina littoralis Matuka silver Premium Greens Australia. 

Baloskion pallens Didgeri sticks Premium Greens Australia. 

Caustis blakei Koala fern Premium Greens Australia. 

Doryanthes excelsa Gymea lily (leaves) The Australian Flower Company. 

Gleichenia dicarpa Sea star Premium Greens Australia. 

Pinus spp. Pine tails Premium Greens Australia. 

Schoenus melanostachys Flexi grass Premium Greens Australia. 

Xanthorrhea spp. Steel grass Premium Greens Australia. 

(Unknown) Dingo fern Premium Greens Australia. 
 

11.2.2 Initial evaluation and treatments 
 
Samples of all products in the shipment were photographed and assessed according to the most 
relevant quality criteria. Photographs were taken using a standard external flash configuration against 
a black background (fig 11.1a.). Standard grading scales were used where available. Otherwise quality 
attributes were ranked from 3 to 0 (fig 11.1b); 

3 Excellent, fresh, no wilting, strong colours 
2 Good, marketable, very slight wilting, colours still bright 
1 OK, not marketable but would keep in a vase at home, noticeable wilting, colours fading 
0 Poor, unattractive, severely wilted, discoloured or shrivelled 

 
Evaluations were recorded for 3-4 bunches per carton, with at least 3 cartons evaluated from each 
consignment where 3 cartons the same were provided. Cartons which had been evaluated were marked 
and numbered for examination at outturn in Japan. 
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Fig 11.1  Photographing (a) and evaluating (b) initial product quality. 

 
Temperature loggers (LogTag Recorders Ltd.) were placed in 26 cartons. At least one logger was used 
for each product type. Cartons which contained loggers were marked and loaded into the container so 
as to develop a rough map of spatial variation in temperature inside the shipping container. Two i-
button temperature and humidity loggers (Thermocron Pty Ltd) were also used in the container. One 
was inside a packed carton, the other was taped onto the side of the shipping container close to the 
door.  
 
Some NSW Christmas bush had been packed by the growers in cartons lined with LongLife film. This 
film is microperforated and reportedly provides good outturn quality in air freighted products, possibly 
by balancing prevention of moisture loss against damage caused by condensation. Other cartons of 
NSW Christmas bush had been lined with clear plastic cellophane, which is less permeable to water 
vapour than LongLife. Unlike the large variations in temperature which commonly occur during air 
freight, temperature is constant during sea freight, albeit over a much longer time period. Under these 
conditions condensation is less of an issue but it is critically important to avoid moisture loss. Both 
groups of NSW Christmas bush were in very similar condition at the start, so this could be used to 
roughly compare the two packaging methods for sea freight. 
 
A third packaging method tested was a new product developed by CSIRO - moisture control 
technology (MCT) (fig 11.2a). This is a 3-layer liner which is designed to maintain high humidity 
around the product while preventing free water contacting the product surface. The outer layer is 
plastic, the middle is paper, and the inner loose layer is a non-woven fabric which is permeable to 
water vapour but impermeable to liquids.  
 
NSW Christmas bush, kangaroo paws, Leucodendrons, pin cushions, rice flower and Tasmanian rice 
flower were repacked into MCT carton liners. The first two products were sleeved bunches, the 
remainder unsleeved. In addition, Cedar Hill packed mixed cartons of various foliage products with 
either an MCT liner or a standard plastic wrap. 
 

(b)(a) 
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Fig 11.2 Repacking NSW Christmas bush into an MCT carton liner (a) and kangaroo paws into a Procona 

container (b). 
 
The fourth packaging method was to store the stems in water instead of dry in cartons. For this we 
used Procona tubs (fig 11.2b). These are designed for transporting flowers and come in a range of 
sizes and depths. A cardboard sleeve adds the required height and the carton is topped with a 
ventilated plastic lid.  Kangaroo paws, Christmas bush, pin cushions and Tasmanian rice flower were 
repacked into Procona tubs. Around 3 inches of water containing approximately 20 mg.L-1 free 
available chlorine as DICA was placed in each tub. The tubs were strapped tightly to stabilise them 
during transport. 
 

11.2.3 Loading the container 
 
The number of different sized cartons complicated loading the container. Cartons varied widely in 
their length, width and depth, even when they were (supposedly) of similar volume. This problem is 
not unique to Australia. One US trucking company reported transporting 1,061 different sized boxes 
out of Florida and 374 different sized boxes out of California, all within January 2005 (Staby, 2005). 
The US is apparently working towards carton standardisation, but this has not yet happened. 
 
Cartons were cross stacked in order to try to fit them efficiently, prevent movement of the load and 
avoid crushing bottom cartons. We found the 15kg flower box used by 2 of the growers fitted very 
efficiently into the container, 2 cartons fitting longwise across the width of the shipping container. 
These cartons were also easier to handle than smaller sized boxes. 
 
The last items loaded were pine tails. These had been methyl bromide fumigated, then left to off gas in 
the dock area overnight. Unfortunately, they had not been placed in the cool room, so had become 
very hot internally by Friday morning. To cool them as quickly as possible, the pine tails were spread 
over the floor of the cool room and sprayed with water.  
 
On the advice of Cedar Hill, the pine tails were loaded loose onto a tarpaulin placed over the other 
cartons. Apparently they are transported this way into Europe and store well by this method. 
 
Three Maersk temperature probes were inserted into cartons at the front (large carton of steel grass), 
centre (Procona with kangaroo paws) and end of the container (NSW Christmas bush). We were able 
to access these temperature readings while the shipping container was in transit and also received the 
data download from Maersk after completion of the shipment.  
 
The container was sent to the port for loading onto the ‘Maersk Toba’ on Friday 18th November. The 
ship departed the following day. 
 
 

(a) (b)
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11.3 Plant Quarantine Inspection at Yokohama 
 
The ‘Maersk Toba’ docked at the Maersk Port at Yokohama late on Monday afternoon 28th November, 
a shipping time of 9 days. Our shipping container of flowers was unloaded later that evening. Plant 
quarantine inspection had been scheduled for 10:00am Tuesday 29th November. 
 
When we arrived at the container, a quarantine inspection was underway on a nearby container of 
gladiolus imported from China. The container was a 20’ standard reefer packed with 2-3 varieties of 
gladiolus. The flowers appeared in good condition apart from the apparent onset of gravitropism inside 
the cartons, resulting in bent stems (fig 11.3). 
 

 
Fig11.3  Quarantine inspection of Chinese Gladiolus at Yokohama port. 

 
We were told that Japanese plant quarantine (PQ) would inspect 300 stems of each species and every 
variety packed in the container. We had not been able to find clear information on the quarantine 
process in Japan as procedures differ between ports and may vary at the supervisor’s discretion. 
However, this inspection was more detailed than had been expected. It was unclear to what extent this 
level of inspection was mandated, and how much was up to the individual inspector on the day. 
 
The opening of the container was attended by the exporter, Mr Shima, and his assistant as well as 
representatives from the freight forwarding company, Austrade, Maersk and a number of Japanese 
plant quarantine (PQ) officers.  
 
When the container was opened the presence of the loose pine tails caused considerable consternation 
(fig 11.4). It was evident that the Japanese were unfamiliar with this method of transport. The main 
issue was that this made it difficult to inspect the container contents. The weight of the pine tails made 
it impossible to simply pull them out with the tarpaulin. The PQ staff started unloading them by hand 
and stacking them on a nearby pallet. However, this proved time consuming. The PQ staff decided 
they did not have time and would have to do the inspection tomorrow. Some rapid negotiations with 
Mr Shima followed, and it was agreed that he could bring some of his staff from Narita to unpack the 
container. This is not normally permitted as the container is off limits until passed by quarantine. Had 
Mr Shima not been able to negotiate this arrangement the time and inspection costs would have been 
very much higher. 
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Fig 11.4  Discussion regarding the unloading of the container at Yokohama port 

 
The container was resealed until the extra helpers arrived (approximately 2 hours). Most of the 
contents of the container were then unpacked onto the dock area in piles according to the product 
contained (fig 11.5). This process was made more difficult by; 

• Inadequate labelling of most boxes – the phytosanitary certificate declared the botanical name 
but most cartons had only the common name or, in some cases, only the variety  

• Labelling issues were compounded by the labels being in English rather than Japanese 
characters 

• Inconsistencies in the number of boxes in the container compared to the number declared on 
the phytosanitary certificate. This meant the inspectors were looking for cartons which 
weren’t there.. 

• Species declared on the phytosanitary certificate which were completely absent from the 
container 

• The number of stems in each carton was sometimes unclear which made it difficult to work 
out how many cartons needed to be inspected.  

 

  
Fig 11.5 Selecting the products for quarantine inspection - 300 stems of each species and variety were required. 

Poor correlation between the phytosanitary certificate and what was written on the cartons made this process 
more difficult. 
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Once the cartons had been selected, the PQ officers arrived to perform the inspection. Normally only 
1-2 officers would handle a shipment and it would take ½-1 hour. In this case inspection took 5 PQ 
officers and 4 assistants approximately 2½ hours. This would normally add a great deal to the cost of 
the inspection. Moreover, we were fortunate that the weather was cool and cloudy, but not wet, as the 
PQ inspection is done entirely in the open air. 
 
To inspect the product, the PQ inspectors pulled each bunch out of its sleeving and tapped it several 
times upside-down over a white tray. They would then check to see if any live insects had fallen out 
(fig 11.6). According to importers, any insects found and not obviously still alive can be subjected to a 
“squash” test. Dead insects will be dried out and therefore not “squash” as do live ones. However, as a 
general rule no insects should be present in shipments to Japan, dead or alive.  
 

 
Fig 11.6 Japanese plant quarantine (PQ) inspectors examine NSW Christmas bush for presence of insects. 

 
One of the cartons of product which had been included specifically for the trial contained 4 bunches of 
Backhousia myrtifolia along with 3 small bunches of Blandfordia nobilis (Christmas Bells) in a 
smaller, internal carton. This had been listed on the phytosanitary certificate as “Backhousia 
myrtifolia” only. The Christmas bells had not been included. When this carton was opened for 
inspection, the presence of the Blandfordia caused a great deal of disturbance (fig 11.7). The 
seriousness of this issue cannot be overstated. Effectively, we had participated in smuggling, an illegal 
activity. Fortunately, this being an acknowledged trial shipment, we were permitted to photograph the 
product and were not fined or otherwise penalised before it was sent to be destroyed. 
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Fig 11.7 PQ finds undeclared Blandfordia nobilis inside a carton of Backhousia myrtifolia. This was a serious 

offence and we were fortunate to only lose the product and not be otherwise penalised. 
 
The second major incident during PQ inspection was the discovery of live thrips in a carton of 
Leucospermums (pincushions). It is not known whether any insecticidal treatment had been applied to 
this product before export. This discovery could easily have lead to fumigation being required for the 
entire shipment. Fortunately, fumigation was only mandated for the species in which insects were 
found. It cannot be assumed this would happen in the future, as the decision to fumigate by shipment 
or by species is left to the discretion of the PQ captain.  
 
Mr Shima decided not to fumigate this product because the cost was more than the product was worth 
and the flowers were already in poor condition. Unfortunately, this lead to the loss of two data loggers 
as well as data on the effects of MCT and wet storage on the storage life of this species. 
 
On the morning following the inspection, we were told that a second inspection would be required, 
this time by Customs. Apparently these are conducted periodically and the number of issues with our 
container had flagged an inspection. This meant an additional delay before the container could be 
delivered to Shima Trading’s facility. As it eventuated, the customs inspection was not done and the 
container was delivered to the Shima Trading facility at Narita on Thursday afternoon. Apart from 
disrupting our schedule this could also have damaged the reputation of our importer, who may have 
felt this represented a ‘loss of face’.  
 
 
11.4 Visit to Ota Auction 
 
In Japan, most flowers are still sold by the Dutch Auction system. There are at least 4 of these just in 
Tokyo, with others in major cities around the country. Each carton is given a bar code which 
corresponds to the product, seller and number of cartons in the consignment (fig 11.8). The auctioneer 
handles a sample carton from each consignment. He scans the bar code and sets the auction clock at a 
suitable maximum value for the product. Buyers can see the flowers before the auction, as well as 
when a sample of each product is presented by the auctioneer. The price then counts down until part or 
all of the consignment is purchased. The sale is recorded electronically and the cartons taken along a 
series of conveyors to a consolidation point where they are stacked ready for collection by each buyer. 
 

“Destroy” 
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Fig 11.8 The Ota flower auction in Tokyo. Each consignment is barcoded before sale with details of the content 

and consignment. This also automates tracking of the sale from seller to purchaser. 
 
The auction system appeared to be relatively transparent and efficient. Despite this, pre-auction sales 
are becoming increasingly common. According to Mr Jun Ueda, General Manager of Sales at the Ota 
auction, pre-auction prices are generally around 10% higher than auction values, so many suppliers 
prefer to sell their product this way. However, it is not known how pre-auction prices are determined, 
or if the quality of product is different to that sold by competitive auction. 
 
Mr Ueda said that there is strong demand for Australian species of flowers in the market. However, 
there are a number of issues which growers / exporters need to address if they are to grow the market; 

• Clear labelling of number of stems per bunch / carton is essential  
• All bunches within a carton should be the same length and have the same number of stems, 

otherwise they are very difficult to sell 
• Cartons should be large enough to accommodate the auction’s bar code sticker on one end 

(approximately 12 x 8cm) 
 
While I was examining a carton from a particular importer, Mr Ueda volunteered that that company 
had a very good reputation in the market and that buyers trusted the quality of these products. It would 
seem likely that a good relationship between the importer and the auction house could well be 
beneficial to growers, especially if this resulted in that importers product being auctioned early and 
thereby returning higher prices. 
 
A selection of Australian products were in the pre-auction holding area. The quality of these was very 
good and included flannel flowers, Leucospermums, NSW Christmas bush, kangaroo paws and 
Christmas bells 
 
Along one side of the market are a series of wholesaler “shops”. These retail small quantities of 
flowers to licence holders such as florists and shopkeepers. The quality and range of the products and 
displays was impressive. A variety of Australian flowers was available through these outlets. This was 
particularly interesting as prices were openly displayed (fig 11.9).  
 
Prices for Christmas bush ranged from 480 - 900 yen / bunch ($5.33 - $10.00). I could not see an 
obvious relationship between stem length and price. In fact, the longer stems I saw on this occasion 
were less expensive than shorter, bulkier bunches. Average price was 670 yen ($7.44). Kangaroo paws 
were selling at 80-100 yen/stem ($0.88-$1.11) with the exception of one lot which was selling at 30 
yen (33c). This product was several days old and, although the quality was still acceptable it may have 
had limited vase life.  Christmas bells (60 yen/stem), leucospermums (120 yen/stem) and 
leucodendron (80 yen/stem) were also available.  
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Fig 11.9  Examples of prices and quality of Australian products displayed for sale to florists and other licence 

holders at the Ota auction markets. 
 
 
11.5 Evaluation of Product Outturn Quality 
 
Product quality was evaluated on Friday 2nd December. Because of delays in the container leaving the 
port the team was not present when the products were unloaded at Mr Shima’s facility. Repacking into 
smaller cartons for local distribution had already started when we arrived.  
 
All of the Christmas bush from one group had already been repacked (including marked cartons) so it 
was not possible to check the condition of these products. This was very disappointing as it would 
have been interesting to compare the quality of these flowers, packed in LongLife film, with bunches 
packed in clear plastic film. However, the fact this product had been repacked quickly suggests that 
the overall quality was good.  
 
The remaining marked cartons of Christmas bush and kangaroo paws which had not been repacked 
were put to one side. We did not find any of the kangaroo paws which we had repacked into MCT 
liners. We also did not find any cartons of “Yellow Haze” or “Bush Dawn”. Some enquiries revealed 
that the repackers had noticed that these flowers looked limp, so they had already pulled them out of 
the cartons and put them in buckets of water to re-hydrate.  
 
All remaining products were photographed and evaluated according to the pre-determined scales. 
Some products were placed in water in the repacking room and kept at 15oC for 2 days. These were re-
examined late on Sunday. Several other products were also re-examined, although most of the flowers 
and foliage had already been sent out to auction houses in Tokyo and Hokkaido by this time. 
 
Results of these evaluations are described on the following pages. 
 

11.5.1 Kangaroo paws 
 
Kangaroo paw cv. Yellow Gem was generally in better condition at outturn than cv. Red Velvet or 
Orange Cross (fig 11.10). Other yellow varieties were not differentiated from Yellow Gem by the re-
packers, suggesting that all of these may have been in similar condition after storage. 
 
Kangaroo paws stored wet using Procona tubs were in noticeably better condition than those stored 
dry for all three cultivars (fig 11.11). This was partly because they had not been squashed flat inside 
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the cartons for an extended period. They were also much less wilted, had brighter colour, and appeared 
generally fresh and healthy. While a direct comparison with air freight was not possible, the condition 
of the wet-stored kangaroo paws seemed similar to air shipped products we had seen in the markets. 
 
Kangaroo paws which had been downgraded at the initial evaluation were generally in worse 
condition at outturn than those assessed as being in good initial condition. This emphasises the 
importance of packing only good quality product to ship by sea. 
 
Differences between dry and wet stored product increased after 2 days ‘vase life’ at 15oC. In the case 
of Kangaroo paw cv. Orange Cross, flowers sent in boxes had a greyish colour compared to the bright 
orange of bunches sent in Proconas. 
 

   
Fig 11.11  Kangaroo paw Orange Cross stored in a regular carton (dry) or upright in a Procona bucket (wet) 

followed by 2 days at 15oC 
 
Some Kangaroo paw cv. Yellow Gem which had been shipped dry were recut and placed in water. 
These were examined after 2 hours and again after 2 days. They appeared to recover some of their 
original freshness and appeal. Other stems which had been simply placed in buckets of water by the 
staff had been repacked and sent to the markets by Sunday afternoon, suggesting they had also 
recovered. 
 
However, Kangaroo paw cv. Orange Cross and Red Velvet placed in buckets had not been recut to 
help them take up water and remained limp. Although they were probably marketable, at a discount, 
Mr Shima was reluctant to sell these as he felt they probably had little vase life remaining. 
 
Mr Shima commented that all of the kangaroo paws appeared over-mature. He said that he preferred 
none, or very few flowers to be open. In this case, all bunches were graded at “maturity=2”. That is, 
one flower open per raceme, which is the maturity normally picked for the Japanese market. It appears 
that Mr Shima would prefer bunches to be maturity 1-1.5 (no flowers fully open, 1 per raceme with 
petals splitting).  
 
The kangaroo paws used in this trial were harvested near the end of the season and were not at 
optimum quality when packed. They were shipped primarily to see how they would develop. It would 
be interesting to test whether the same difference between wet and dry storage occurs in flowers 
harvested in peak condition. 
 

DRY WET DRY WET 
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Fig 11.10 Quality of Kangaroo paws cv. Red Velvet (a), Orange Cross (b) and Yellow Gem (c) before and after 
shipping stored dry in cartons or wet in Procona containers. Quality grades range from 3 (Excellent, fresh, no 
wilting) to 0 (Poor, unattractive, >50% wilting). Where products from different growers have been evaluated 

these are labelled A-C. 
 
 

a)

b)

c)
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11.5.2 NSW Christmas bush 
 
With the exception of material from one grower, all the Christmas bush was still in good condition 
following storage. 
 
The consignment of Christmas bush which was rejected by Mr Shima (fig 11.12a); 

• Had been harvested before all calyces had fully reddened  
• Had significant grow-through, which looked limp and unattractive 
• Had been packed extremely tightly inside the box. The bunches were totally flattened when 

removed for inspection. Two PQ officers were observed kneeling on one of these cartons in 
order to tape it shut after quarantine inspection (fig 11.12b).  

• The bunches had been packed into IHM cartons turned inside out – this was negatively 
perceived by Mr Shima as he saw these as recycled cartons from a competitor. 

 

  

 
Fig 11.12  NSW Christmas bush rejected by the importer as unsuitable for sale showing grow-through which 

had become limp during transport (a) and this same material being repacked during PQ inspection - the cartons 
were packed extremely tightly and the inspectors are kneeling on the box in order to reclose it (b) 

 
Wet storage appeared to offer only very slight benefit compared to dry storage (fig 11.13). Small 
differences were more noticeable following 2 days of ‘vase life’ at 15oC. At this time a few dry, dead 
flowers were noticed on the tips of dry stored product, but were not found on wet stored bunches. On 
the basis of these results wet storage is unlikely to be beneficial to Christmas bush exported to Japan. 
 
Unfortunately, we were unable to evaluate Christmas bush from grower A as it had been repacked, as 
previously described. However, it is interesting to compare the number of stems rejected during 
repacking with other growers;  

Grower A  –  9 stems rejected from 4 cartons 

a)

b)
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Growers B and C  –  approximately 30 stems rejected from 36 cartons 
 
At the start of the trial the quality of these products was similar. However, Grower A lined the box 
with LongLife microperforated film whereas the others lined boxes with clear plastic film. Water loss 
during long term storage would be minimised by plastic wrap, potentially reducing wilting.  
 
The negative impact of increasing RH is increased risk of rots (fig 11.14). Calyx browning due to 
disease, possibly Botrytis, was the primary reason for rejections from growers B and C. The majority 
of rejections were in short, ‘fluffy’ bunches. This may be because the plant material was more tightly 
packed inside the sleeves, or because fungicidal treatments did not penetrate thick bunches as 
thoroughly. 
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Fig 11.13  NSW Christmas bush quality before and after shipping graded from 3-excellent, no wilting or 

browning to 0-wilted, shrivelled, poor. Letters indicate different growers. Material from Grower B was stored 
wet in Procona containers as well as dry in standard cartons. 

 
Fig 11.14  Disease (possibly Botrytis) infecting a bunch of NSW Christmas bush 

 



76 

11.5.3 Foliage species 
 
All containerised foliages were in excellent condition following shipment. Most looked as fresh as 
when they were packed. Very slight deterioration was noted in the Sea stars – some appeared to have 
slight yellowing and tip browning. However, average quality score was 2.7, indicating they were 
generally ‘excellent, fresh, no wilting’. 
 
Very slight deterioration was also noted on the Gymea lily leaves, which seemed a little dry. If this 
was an issue in the future it could be easily alleviated by wrapping the leaves in plastic, as were the 
other species. 
 
No difference was found between the MCT lined and plastic lined cartons (fig 11.15). This is not 
surprising, given that rots due to condensation were not an issue for any of the species tested. Also, 
most of the products were sleeved, so were not in direct contact with the carton liner– MCT would 
seem less likely to have significant effect under these conditions. 

 
Fig 11.15  Quality of various foliage species packed in a standard, plastic lined carton and with an MCT liner. 

 
The pine tails were not in saleable condition. The browning observed during packing worsened during 
shipping, and many of the bunches looked dull and unhealthy (fig 11.16). This deterioration is likely 
to be due to MeBr fumigation followed by bulk storage at ambient temperatures. Bunches inside the 
stack were hot (~35-40oC) when they were initially found at the Australian freight forwarders. 
Although they were cooled as quickly as possible, the damage may have been done. Browning may 
also have been exacerbated by loose packing in the container, leading to dehydration. 
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Fig 11.16  Browning of “pine tails” rejected as unsuitable for sale following shipping 

 
No deterioration was noted in any of the foliage species following 2 days ‘vase life’ at 15oC. 
 

11.5.4 Backhousia myrtifolia 
 
Bunches were assessed in terms of their maturity (approximate proportion (%) of stamens open) as 
well as overall quality. Only one bunch was graded more mature than previously, changing from 10-
20% open. The least mature bunches did not appear to change during storage. 
 
Average quality fell from 2.75 (excellent, bright and fresh) to 1.75 (good, saleable). One bunch was 
considered unsaleable due to browning of the petal tips. Soft foliage tips appeared slightly wilted. 
None of the bunches developed leaf blackening (fig 11.17). 
 

 
Fig 11.17 Condition of Backhousia myrtifolia at outturn evaluation after shipping. 

 

11.5.5 Blandfordia nobilis (Christmas bells) 
 
Unfortunately, a detailed evaluation of the Christmas bells wasn’t possible because it was confiscated 
by plant quarantine. Observation at the port indicated that the bunches appeared a little wilted - but 
this is apparently normal during export and flowers rehydrate well once they are placed in water. 
 
Colour was excellent, no browning was observed (fig 11.18). The flowers were not overly squashed 
being well protected by the carton and packing materials. The material changed from 2.5 (excellent 
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condition with very slight wilting) to 1.5 (good condition, moderate wilting). It appeared saleable, 
especially if first rehydrated. 
 

 
Fig 11.18 Condition of Blandfordia nobilis at outturn evaluation after shipping. 

 

11.5.6 Leptospermum cv. Lavender Queen 
 
Leptospermum cv. Lavender Queen flowers and foliage had appeared somewhat dry and shrivelled 
even before shipment. The condition of the flowers did not seem to deteriorate further. However, 
significant shatter occurred, covering the bottom of the carton with detached leaves and flowers (fig 
11.19). 
 

    
Fig 11.19  Condition of Leptospermum cv. Lavender Queen at outturn evaluation after shipping. Buds were a 
little dry (a) but the main issue was shatter; the bottoms of the cartons were covered in detached leaves and 

blossoms (b). 
 

11.5.7 Leucodendron discolour and Leucodendron cv. Pisa 
 
Leucodendron discolour had appeared a little dry before shipping, but otherwise in good condition. 
Following shipping, vascular browning and tip browning meant the product was no longer saleable 
(grade 0-1) (fig 11.20a). This product had not been sleeved before packing and was simply left in a 
cardboard carton, which may not be optimum conditions for the species. However, lining the cartons 
with MCT liners just before dispatch did not make any difference to product quality. 
 

a) b)
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Leucodendron Pisa also appeared in good condition at the initial evaluation. These became mouldy 
and browned off during shipping (fig 11.20b).  This was especially evident in the centre of the box, 
where the bunches were extremely mouldy. 
 

    
Fig 11.20  Condition of Leucodendron discolour (a) and L. cv. Pisa (b) at outturn evaluation after shipping. 

 

11.5.8 Leucospermum spp. (Pincushion) 
 
As with the Blandfordia, it was not possible to do a full evaluation of the Leucospermum because they 
were destroyed by plant quarantine.  
 
Insect damage on the leaves had been noticed at the initial evaluation. However, these areas had 
blackened during storage, making them more obvious and unattractive than previously (fig 11.21b).  
Undamaged stems appeared to be in similar condition to their initial quality (fig 11.21a).  
 
Both MCT liners and Proconas had been trialled with Leucospermums. The flowers were rather 
flattened and limp at the initial quality evaluation. It was hoped that rehydration would lead to some 
improvement. Unfortunately, this data was lost, but this experiment could be worth repeating Colour 
and turgidity of the flowers did not seem to change greatly during storage. 
 

           
Fig 11.21  Condition of Leucospermum at outturn evaluation after shipping showing flattening (a) and 

blackened insect damage (b). 
 

11.5.9 Ozothamnus diosmifolius (Rice flower) 
 
The rice flower was in poor condition at outturn. There was extensive shatter, the stems appeared 
black and the flowers were dry and dead looking. However, this material had been in only marginally 
marketable condition at the initial evaluation. Stem blackening observed at that time had progressed 
during storage. 

a) b)

a) b) 
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Stem blackening appeared slightly reduced in the stems packed into MCT liners compared to those left 
in unlined cartons (fig 11.22). However, only two cartons had been supplied, making it difficult to 
draw any real conclusions from this observation. Also, it would have been useful to have a sample 
packed in plastic bunch bags as this is how they are often shipped. Nevertheless, MCT could be worth 
further investigation for rice flower.  
 

  
Fig 11.22  Condition of Ozothamnus diosmifolius at outturn evaluation after shipping in cartons lined with MCT 

(a) or remaining unlined (b).  
 

11.5.10 Ozothamnus spp. (Tasmanian rice flower) 
 
It is noted that the ‘rice flower’ and the ‘Tasmanian rice flower’ were declared together on the 
phytosanitary certificate as ‘Ozothamnus diosmifolium’. This was accepted by the inspectors this time 
even though the two crops look very different. It would be prudent to give it its correct name in the 
future. The scientific name for this species is not known to the author. 
 
Tasmanian rice flower was in the same condition at the initial and final evaluations. It did not 
deteriorate significantly during storage and there was little bunch shatter (fig 11.23.).  
 
Bunch condition was not affected by MCT liners compared to no liner.  Bunch condition was only 
very slightly affected by shipping upright in Procona cartons. The branch tips, which were bent at 
right angles and a little limp at the start of the trial, had straightened up somewhat in these bunches. 
However, this difference was small and probably not commercially significant given that this is a low 
cost filler. 
 
Tasmanian rice flower apparently has a reputation for containing insects. It would certainly be difficult 
to remove any insects from such dense, woolly bunches of material. In our trial Japanese PQ inspected 
the two cartons of standard rice flower. No Tasmanian rice flower was inspected. However, when we 
arrived at Mr Shima’s facility on Sunday a large quantity of this product had been spread out on 
pallets to off-gas following methyl bromide fumigation. While this appeared to have been tolerated by 
the product, this would have added a significant cost to the grower.  
 

a) b)
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Fig 11.23  Condition of Ozothamnus spp. at outturn evaluation after shipping 

 
 
11.6 Temperature and Humidity Data 
 
The container was left turned off and at ambient temperatures during loading. When this was 
completed the container was pulled away from the dock to allow the doors to be closed and the 
containers cooling system was switched on 
 
According to the Maersk record, relative humidity (RH) was maintained at an average of 98% during 
shipping, the optimum humidity for flower storage (fig 11.24). The I-button temperature and humidity 
loggers recorded similar values during shipping. In addition the I-button record showed that the RH in 
Mr Shimas repacking facility was around 90%, much higher than ambient RH in Japan which is 
around 50-60% during November.  
 
Temperature was maintained during shipping, apart from brief periods when the container was off 
power. Both the Maersk log and data recorded with the log tags  show fluctuations due to the twice 
daily defrost cycle (fig. 11.24). Loggers placed inside cartons in the centres of the stacks recorded less 
variation than those which were between cartons or near the floor or wall, where more air flow 
occurred.  
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Fig 11.24  Maersk temperature and humidity logs. Probe 1 was in a large carton of steel grass, probe 2 in a 

Procona with Kangaroo paws, probe 3 in a carton of NSW Christmas bush. 
 
The warm temperatures and slow cooling of the steel grass recorded with the Maersk probe was 
confirmed by a log tag placed in another carton. The average temperature of this steel grass during 
shipping was 8.5oC.  
 
According to the log tag temperature records the spatial variation in temperature within the container 
was not significant. If anything, temperature tended to be lowest and most stable in the centre of the 
stack. Loggers which had been placed between cartons, inside an open Procona or in cartons on the 
floor of the container, closely tracked the defrost cycles of the container cooling system. For example, 
a logger placed just inside the end opening of a large carton of steel grass, loaded on the floor of the 
container at the side of the plenum end, showed transitory increases of >3.2oC at intervals of 6.5 – 7 
hours.  
 
This outcome confirms that it is not necessary and may even be detrimental to create air vents through 
the stack. The results confirmed that the optimum strategy was to pack the shipping container tightly 
with thoroughly cooled product. 
 
Although the supply air was set at 4oC, no product ever fell below 4.5oC during shipping (fig11.25). 
This temperature was not expected to cause chilling injury in any of the products shipped and none 
was observed at outturn. It is possible that the temperature could have been set lower given that most 
products did not fall below 5oC. 
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Fig 11.25  The average (n=23), maximum and minimum temperatures recorded during shipping using LogTag 

temperature data loggers 
 
Temperatures inside a parallel consignment of Christmas bush sent by air were higher and showed 
greater fluctuations than the sea freight consignment (fig 11.26). The average temperature of 
Christmas bush shipped by sea was 5.6oC, compared with an average temperature of 11.1oC for air 
freighted product. Both groups were in acceptable condition on receival at Shima Trading. 
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Fig 11.26  Average temperature recorded during sea freight (n=3) compared with a temperature log recorded 

during air freight, all data for NSW Christmas bush from one grower. 
 
By multiplying temperature during transport by time taken it is possible to calculate the total “degree 
hours” the product has been subjected to. This batch of NSW Christmas bush experienced 1,675 
degree/hours during sea freight and 936 degree/hours during air freight. Had it been properly pre-
cooled before transport, this difference would have been significantly reduced. Nevertheless, this 
indicates that although the time taken during sea freight was several times that required for airfreight, 
the “ageing” of the product was less than doubled. 
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11.7 Cost / Benefit Analysis 

11.7.1 Costs 
Sea freight costs were estimated before the trial by Maersk Sealand (table 11.2.); 
 
Table 11.2. Estimated cost of sea freight from Brisbane to Yokohama, Japan by Maersk Sealand. 

20 ft reefer 40 ft reefer 
Item 

$A $US JPY $A 
equiv $A $US JPY $A 

equiv 
Description 

Origin trucking charge 409   409 444   444 Empty from depot to packstore and return full from 
packstore to terminal 

Slot booking with terminal 8   8 8   8 Time slot to deliver the full container 

Export customs clearance 35   35 35   35 For up to 5 Tariff lines, thereafter an additional 
A$3.50 per line is charged 

Trucking at 
origin 

Documentation fee 75   75 75   75 Trucking & terminal interchange documentation fee 
BAS  2,550  3,400  3,700  4,933 Freight cost 
BAF  250  333  500  665 Bunker Adjustment Factor - fuel 
OHC 315   315 315   315 Origin Handling Charge 
OPA 85   85 145   145 Origin Port Additional 
ODF 65   65 65   65 Origin Documentation Fee per Bill of lading 
DHC   21,942 255   21,942 255 Destination Handling Charge 
PSC 5   5 5   5 Port Security Charge 

Sea freight 

SER  6  8  6  8 Carrier Security Charge 

Destination trucking charge   97,000 1,125   117,000 1,357 Full from Yokohama terminal to packstore in Narita 
and empty from Narita to depot Destination 

PQ inspection fee   18,300 212   21,800 253 PQ Inspection fee 
 Total cost    6,330    8,551  

*  $A exchange rate is subject to change. These values have been converted where A$1  buys US$0.75 or JPY 86.23 
**  The Trucking charge covers:  option 1 : driver delivers container to packstore and collects the next day.  or Option 2 : Driver waits while packing done - if not packed 
within 1 hour then a charge of a AUD 65 per hour will be charged. For both options, there is a 1 hour free waiting period at wharves and container parks (depots) and any 
extra time will be charged at a rate of $ 65 per hour. 
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Maersk’s Japanese contacts estimated that fumigation of a shipping container load of flowers would 
cost JPY 800,000 (($9,278). However, this could vary according to volume of product treated. Such a 
major expense would render most, if not all, flowers exports uneconomic. 
 
In the actual shipment, Maersk’s charges for shipping were as stated. However, additional charges 
were incurred at Vision freight forwarders and by Shima Trading (table 11.3). 
 
Table 11.3. Charges incurred during export shipment (not including the cost of freight, which was borne by 
Maersk). 

Costs in Australia Costs in Japan 

Item $A Item JPY $A 

Cartage x 5.68m3 308.00 Transport application 5,100 56.67 

Agency 60.00 Container carriage 8,000 88.89 

  Import application 23,600 262.22 

Quarantine members fee 5,600 62.22 

Quarantine application 5,000 55.55 

Quarantine inspection fee 10,800 120.00 

Transport at the port for 20’ 
container 22,800 253.33 

CY charge for 20’ container 21,942 243.80 

Destruction fee for 
Leucospermum 12,000 133.33 

Total at Yokohama Port  1,220.01 

   

Forwarding agent fee 10,000 111.11 

Container transport 74,600 828.88 

 

Total for freight forwarder  939.99 

Total from Australia 368.00 Total from Japan 2,160.00 
 
The trucking charge in Japan was lower than the original estimate. We were fortunate that the total 
quarantine charge was very close to the original figure. Had we been charged the full rate for the time 
and labour required, this would have been several thousand dollars. A number of other fees and 
charges meant that the total cost at destination was $550 more than originally estimated.  
 
If we assume that, apart from the Leucospermum destruction fee, all other charges are normal, total 
cost of sea shipment of a 20’ container; 

Freight forwarder $368 
Shipping company $4,993 
Destination costs $2,027 
TOTAL $7,388 

 
The container could potentially hold 270 x 15 kg cartons (114 x 39 x 21cm). This means transport cost 
would be $27.36/ctn or $1.82/kg. 
 
If we assume a 40’ Hi Cube container would cost $9,609 (based on Maersk quoted freight differential) 
and holds 610 x 15kg cartons, the cost falls to $15.75/ctn or $1.05/kg. 
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These costs may be compared against the costs of air freight. Air freight costs vary between carriers 
and according to shipment size. WorldLink International Brisbane provided figures for airfreight of 
flowers and foliage from Brisbane to Japan (table 11.4). With additional costs in Australia and at the 
destination factored in this suggests that the cost of airfreight is approximately $2.98/kg to ship 1,000 
kg of flowers using Qantas (table 11.5). 
 
Exporters who regularly export large quantities of product may be able to get better deals than official 
rates supplied, but this is likely to be true of sea freight as well as air freight. 
 
Table 11.4. Approximate cost of airfreight from Brisbane to Japan by different carriers. 

 Cost per kg ($) 

 +100 kg +250 kg +500 kg +1 ton 

security 
surcharge 

fuel 
surcharge 

Qantas – – 2.85 2.25 $20.00 incl. 

Japan Airlines / Air NZ 3.95 3.60 2.95 2.30 nil nil 

Korean Airlines 3.85 3.60 3.55 3.46 $0.10/kg $0.10/kg 
 
Table 11.5. Estimated cost of airfreight for 1,000 kg of product sent from Brisbane to Japan. For rating 
purposes, 1m3 = 167kg.  Approximately 11 x 15kg cartons (114 x 39 x 21cm) = 1m3 = 165kg.  

 Item JPY $A 

ExDoc fee (AQIS notice of intention 
to export)   20.00 

Export Clearance Number fee  25.00 

Air Waybill (Bill of lading)  60.00 

Terminal surcharge  30.00 

Costs in Australia 

Cartage to airport  70.00 

Cost by weight  2,250.00 
Air freight 

Security surcharge  20.00 

Import application 11,800 131.11 

Quarantine members fee 2,800 31.11 

Quarantine application 2,500 27.78 

Quarantine inspection fee 5,400 60.00 

Forwarding agent fee 5,000 55.55 

Costs at 
Destination  * 

Container transport 18,000** 200.00 

TOTAL   $2,980.55 
*  Estimated as half those of sea freight consignment 
**  Estimated from anecdotal information 
 
This estimate is based on a number of assumptions as ‘real life’ figures were not available. In some 
respects, it may be more relevant to consider the cost per carton than by kg – the “15kg carton” 
appears to be based on its volume, rather than the actual weight of flowers it could contain.  
 
Total cost of airfreight may be $44.71/ctn or $2.98/kg. This compares to $1.82/kg for sea freight. 
These figures suggest that sea freight in a 20’ container is 61% of the cost of air freight. Using a 40’ 
container would reduce this further to 35% of air freight cost. 
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11.7.2 Returns 
 
Sales data was provided by the Australian Flower Company for a shipment of kangaroo paws and 
NSW Christmas bush which was sent at the same time as the sea freight shipment but auctioned 2 
weeks earlier. Prices paid for sea freighted product were generally slightly lower than prices for air 
freighted products (fig 11.27, fig 11.28). The difference appeared to be greatest for long, high value 
stems. 
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Fig 11.27  Prices paid for kangaroo paws packed at one time and exported by air (auctioned 21/11/2005) or sea 

freight (auctioned 5/12/005). 
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Fig 11.28  Prices paid for different stem lengths of NSW Christmas bush packed at one time then exported by air 

(auctioned 21/11/2005) or sea (auctioned 5/12/005). 
 
As these products were auctioned at different times, it is difficult to know whether the sales prices 
reported truly reflect differences in quality or have been influenced by other market factors. However, 
the figures suggest that prices were decreased by 5-10% for sea freighted products.  
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A detailed analysis was provided by one of the growers. In this case, prices paid at auction for 
different stem lengths of NSW Christmas bush were compared over multiple shipments between 
November 10th and December 8th 2005 (fig 11.29). Once again, the sea freighted products sold for 
somewhat less than those sent by air. The difference was greater for high value stems than lower 
value, short stems. 
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Fig 11.29  Prices paid for different stem lengths of NSW Christmas bush from a single grower. Shipments D and 
H were sold through Agent X at the same time. All other sales were through Agent Y. Agent X appears to obtain 

best prices for short stems, Agent Y best prices for long stems. 
 
It would seem likely that the decrease of nearly 40% in freight cost more than compensates for an drop 
in 10% of price at auction. However, this does not take into account the products which were 
unsaleable due to deterioration en-route.  
 
Prices were not available for comparative shipments of Tasmanian rice flower. However, this product 
did not appear to deteriorate at all during transport and may be expected to have sold for a similar 
price to air freighted product.  
 
According to Cedar Hill, foliages shipped by sea generally sold for similar amounts to shipments sent 
by air during November-December 2005. However, it is noted that the market for foliages is somewhat 
depressed in the lead up to Christmas and the large volume available through the sea freight trial 
appeared to decrease prices further. 
 
Based on these results, sea freight appears to be economically viable for a wide range of products. It 
may still be best to send high value products by air. However, lower value larger volume products may 
be sent more economically and, therefore, more profitably, using sea freight.   
 
However, the financial attractiveness of sea freight depends on the relative prices of sea and air, both 
of which are constantly changing. Non-cost factors such as perceived risk, difficulties of obtaining 
sufficient volume of product and the need to meet orders quickly are also important. QDPI&F recently 
developed a model of the costs and potential benefits of sea freight for native flowers. This used the 
data from the current study as well as additional sales data, rates of exchange and other financial 
information to model the costs and returns on sea freight of Australian flowers to Japan. The study 
concluded that, at the current time, sea freight was not the best option for export of Australian native 
flowers. However, this relationship may well change over time, and the costs and benefits of sea 
freight need to be considered for different crops on an individual basis. 
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11.8 Key Conclusions 
 
This trial generated a large amount of useful information and also identified a number of critical areas 
that must be addressed if this method is to succeed in the future. The key findings are divided into a 
number of areas as follows; 
 

11.8.1 The logistics of sea freight - what must happen for sea freight to succeed 
• Boxes should have clear, accurate labels which identify the grower and describe the botanical 

species, common name, stem length, number of stems per bunch and number of bunches in 
total  

• The phytosanitary certificate must accurately describe the contents of the shipment 
• Products must be presented well, even if they are to be repacked later 
• Products should never be exported if there is any possibility they are infested with any type of 

insects as doing so jeopardises the entire shipment 
• On this occasion plant quarantine inspected 300 stems of every species and each variety. 

Sufficient sample cartons should be packed near the door to enable this without excessive 
unloading of the container 

• A limited number of species should be included in each shipment, otherwise the cost of 
quarantine inspection may be prohibitive 

• Loose product (not bagged or cartonised) is not acceptable 
• Products must be packed into uniformly sized cartons so as to fit efficiently into the container 
• Open communication between grower, exporter and importer is vitally important to help 

Japanese importers know in advance the quantity and quality of products they are receiving  
• Better communication would also help growers understand the needs of the market and 

respond appropriately 
• Temperature control was excellent during sea freight and compared well to temperatures 

during air shipment. However, the cooling system was not effective at cooling products which 
were not properly pre-cooled before loading. Products must be at the correct temperature 
before shipping 

• Humidity remained high during transport, which was ideal for flower storage 
• Although the time taken for shipping was relatively short, the time between harvest and 

marketing was greatly increased by delays in packing, delivery to port, inspection and 
trucking to the Narita facility. However, if sea freight shipments occurred regularly this 
process could be greatly streamlined 

 

11.8.2 What species are or are not suitable; 
• Kangaroo paw Yellow Gem (and possibly other yellow varieties) was in better condition after 

storage than Orange Cross or Red Velvet 
• Kangaroo paw stems which were recut before being placed in water recovered better from 

flattening and wilting during transport than did stems which were not recut before attempted 
rehydration 

• NSW Christmas bush which was in good condition and correct maturity stage at the initial 
evaluation was still in acceptable condition and had minimal rejections during repacking 

• Christmas Bush which was immature, had grow through and was over-packed in the cartons 
deteriorated during storage and was unsaleable 

• Backhousia myrtifolia did not suffer leaf blackening or mature during storage. However, some 
browning was observed on flower and leaf tips 

• All foliage species included were in excellent condition at outturn 
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• Leucodendron discolor and Leucodendron cv.Pisa developed mould and browning during 
storage and were unsaleable 

• Rice flower and Leptospermum cv. Lavender Queen were not in good condition at the start of 
the trial and deteriorated further during storage 

• Quality attributes of Tasmanian rice flower remained unchanged during storage 
• Moisture control technology (MCT) liners provided marginal or no benefit to product quality 

for the products tested 
• Use of Procona containers was beneficial to kangaroo paws in terms of both outturn quality 

and subsequent vase life. Wet storage appeared to have slight benefit for Christmas bush in 
terms of vase life, but had no effect on Tasmanian riceflower 

 

11.8.3 Economics of sea freight 
• Sea freight was approximately 60% of the cost of air freight 
• Price at auction may be somewhat decreased when products are exported by sea, especially for 

high value products 
• Price at auction is less likely to be decreased for lower value, bulk products such as foliage 

and fillers  
• Products should have consistent quality – poor quality products destroy trust and depress the 

market as a whole 
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12. Final Conclusions 
 
 
12.1 Laboratory Trials 
 
The results from the vase life tests are summarised in table 12.1. With the exception of 3-6% glucose 
pulses for proteas, none of the treatments tested increased storage capacity and vase life. In fact, a 
number of the treatments tested had negative effects on flower quality. 
 
According to these results, Backhousia myrtifolia, Eucalyptus cv. Bronze Orange Red, Pink 
waxflower, Protea eximia cv. Duchess and White cassinia are likely to be unsuitable for shipping by 
sea to Japan as they have less than 7 days vase life after 2 weeks cold storage. Geraldton wax cv. My 
Sweet Sixteen is marginal but could provide an acceptable outturn after 2 weeks storage so long as 
temperature and ethylene are controlled.  
 
Protea Pink Ice could potentially be transported by sea freight if pulsed before storage with 6 or 9% 
glucose. However, quality and vase life varied greatly between individual stems for this species. 
Moreover, susceptibility to leaf blackening is likely to vary during the season and according to the 
initial health status of the plant material. The Japanese market tolerance for leaf blackening would 
need to be determined before any commercial application of this method for storage and / or export.   
 
Kangaroo paws and NSW Christmas bush are both potentially suitable for transporting by sea freight. 
Apart from storage temperature and control of desiccation, the most important factor affecting 
storability was the initial quality of the plant material. This was not always obvious at harvest. In the 
case of kangaroo paws, material from different growers which appeared similar initially varied greatly 
in quality and vase life after storage. For NSW Christmas bush, small differences at harvest became 
much larger following storage. While the reasons for such variations were not entirely clear, initial 
quality is likely to be a critical factor in the success or otherwise of future sea freight of native cut 
flowers. 
 
 
12.2 Shipping Trial to Japan 
 
The results from the sea freight trial supported the conclusions drawn from storage and vase life trials 
in the laboratory. In particular, the shipping trial again showed that the initial condition of cut plant 
material is critical. Plant materials which were supplied in average or poor condition deteriorated 
during transport and were rejected by the importer. However, good quality NSW Christmas bush, 
kangaroo paws, foliages and other species retained their quality during transport and were still in 
saleable condition at outturn.  
 
In general, the packaging treatments which were applied had only minimal effect on outturn quality. 
Transporting kangaroo paws in water using Procona containers appeared to help retain flower colour 
and turgidity as well as preventing stems becoming flattened during transport. However, the full costs 
of this method would have to be determined before commercial application. Transporting other species 
in water had minimal effect on outturn quality. No benefit was observed in substituting CSIRO’s 
moisture control technology (MCT) liner for a standard plastic carton liner. However, many products 
were already in plastic bunch sleeves so condensation on the liner would have been minimal.  
 
As well as showing that shipping wildflowers by sea was physically possible, the trial indicated that it 
could be economically viable. Transport costs were approximately 60% of the normal cost of air 
freight. Prices received at auction were decreased by around 10% compared to similar air freighted 
product. However, values were more depressed for high value, long stems than shorter stems. This 
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suggested that sea freight is most likely to be suited for lower value, commodity type products. 
Moreover, the decrease in market price may be more than offset by the saving in freight cost.  
 
However, the financial attractiveness of sea freight depends on the relative prices of sea and air, both 
of which are constantly changing. Non-cost factors such as perceived risk, difficulties of bringing 
together a sufficient volume of product and the need to meet orders quickly are also important. A 
recent analysis by QDPI&F of the cost effectiveness of air vs. sea freight to Japan for Australian cut 
flowers indicated that air freight was the better option. The viability of exporting by sea freight needs 
to be evaluated using current information on costs as well as expected returns in the Japanese market 
on a product by product basis.  
 
The shipping trial also highlighted a number of issues with the logistics of exporting cut flowers from 
Australia. Some of these observations are not unique to sea freight, but may apply equally during some 
exports by air. For example, product quality varied widely even though it was all labelled similarly, 
demonstrating the need for clear, objective quality specifications. Standardisation of carton sizes 
would be vital for efficient packing of sea freight containers but perhaps less important for air freight. 
Other issues included inconsistent labelling of cartons, inaccuracies in the phytosanitary certificate and 
the presence of live insects. There also seemed to be a lack of clear communication within the export 
supply chain, both from grower to exporter and exporter to grower. 
 
In conclusion, it is physically possible to ship a number of native species of cut flowers and foliage to 
Japan. However, a number of logistical issues need to be addressed to ensure that any commercial sea 
freight supply chain functions efficiently. The financial attractiveness of this option will vary over 
time and by product, and should be considered carefully before commercial shipments occur.  
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Figure 12.1  Summary of selected results from storage and vase life tests on a range of cut flower species. Data shown for initial vase life and vase life following two weeks 
storage only. 

Vase Life (days) 
Species Treatment Storage 

Temp (oC) No storage 2 weeks 
storage 

Sea freight 
suitable? Comments 

Stored dry 2oC 9.2 1.2 x Backhousia myrtifolia 
Stored wet   1.2 x 

Foliage deteriorated during 
storage 

Stored dry 1oC 7.7 2.6 x Eucalyptus cv. Bronze 
Orange Red Stored wet   3.1 x 

Buds failed to open after storage 

Geraldton wax cv. My 
Sweet Sixteen No treatment 2oC 11.5 7.7 Maybe  

Grower A 5oC 8.9 4.2 x 
Grower B  8.4 6.3 x 
Grower C  8.7 8.8  

Large variations between 
material from different growers 

Grower C, stored in 10%O2 + 10%CO2   5.3 x 

Kangaroo paw cv. Yellow 
Gem 

Grower C, stored in 2%O2 + 18%CO2   6.4 x 
CA storage had negative effect 

NSW Christmas bush 
Year 1 No treatment 4oC 13.6 7.7 Maybe  

Harvest 1, no treatment  11.3 1.4  Badly dehydrated during storage 
Harvest 2, no treatment  11 10.2  
Harvest 2, 15g.L-1 glucose + 2ml.L-1 Chrysal 
RVB pulse   10.8  

Harvest 2, 15g.L-1 sucrose + 2ml.L-1 Chrysal 
RVB pulse   10.0  

Harvest 2, sprayed with 25ml.L-1 Envy   10.0  

Good quality at harvest, retained 
quality during storage, no benefit 
from (or need for) pulsing 
solutions 

Harvest 3, no treatment  10.5 8.7  
Harvest 3, 10mg.L-1 DETA-NO pulse  9.0 5.8 x 
Harvest 3, 100mg.L-1 DETA-NO pulse  8.5 5.9 x 

NSW Christmas bush 
Year 2 

Harvest 3, sprayed with 25ml.L-1 Envy   5.1 x 

Quality not as good as harvest 2 
and deteriorated more during 
storage. DETA-NO pulse and 
Envy had negative effects on 
quality.  
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Vase Life (days) 
Species Treatment Storage 

Temp (oC) No storage 2 weeks 
storage 

Sea freight 
suitable? Comments 

cv. EA6, maturity <1 1oC 14.9 6.0 x 
cv. EA6, maturity 1 - 2  11.4 5.6 x 
cv. EA6, maturity 2 - 3  9.1 5.0 x 
cv. EA6, maturity >3  8.3 2.5 x 
cv. EA94, all maturities  8.8 1.2 x 
cv. EA152, all maturities  5.6 4.7 x 

Pink waxflower 

cv. EA200, all maturities  5.4 0 x 

Chilling sensitivity not tested. 
Optimum harvest maturity was 
<1, bud stage. 

Water only 1oC 11 7 x 
3% sucrose pulse  14 5 x 
3% glucose pulse  13 8 Maybe 
6% glucose pulse  11 9 Maybe 
9% glucose pulse  10 6 x 

Protea cv. Pink Ice 

3% glucose + 5% ethanol pulse  9 9 Maybe 

Vase life ended by either flower 
score = 2 or 20% of leaves 
affected by blackening, 
whichever occurred first. Vase 
life was ended by flower 
deterioration for 6 and 9% 
glucose pulses. Large stem / stem 
variability. 

Water only 1oC 7 1 x 
3% sucrose pulse  7 2 x 
3% glucose pulse  10 4 x 
6% glucose pulse  10 2 x 
9% glucose pulse  8 1 x 

Protea eximia cv. 
Duchess 

3% glucose + 5% ethanol pulse  8 1 x 

Vase life ended by either flower 
score = 2 or 20% of leaves 
affected by blackening, 
whichever occurred first. Severe 
leaf blackening occurred in all 
stored stems. 

White cassinia No treatment 2oC 9.7 2.7 x  
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