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Foreword 
 
The organic industry in Australia is a growth industry, and the export markets are characterised by 
high demand and insufficient supply.  Although some commercial producer sectors have shown 
interest in producing organic vegetables for overseas export, there is concern about the viability of 
production on a broad-acre scale.   
 
This report discusses commercial pilot studies testing a range of protocols for intensive organic 
vegetable production.  It addresses strategies including the identification and overcoming of 
structural, technological, and social impediments to conversion, and documents possible pathways 
for conversion in the intensive vegetable production industry. 
 
This project was funded from RIRDC Core Funds, which are provided by the Australian Government 
and is an addition to RIRDC’s diverse range of over 1500 research publications.   
 
It forms part of our Organic Systems R&D program, which aims to facilitate the development of 
viable organic industry through increasing adoption of sustainable organic farming systems. 
 
Most of our publications are available for viewing, downloading or purchasing online through our 
website: 
 
 downloads at www.rirdc.gov.au/reports/index.htm  

 purchases at www.rirdc.gov.au/eshop 

 
 
Peter O’Brien 
Managing Director 
Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/reports/Index.htm
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Executive Summary 
 
What the report is about 
This report discusses commercial pilot studies testing a range of protocols for intensive organic 
vegetable production.  It addresses strategies including the identification and overcoming of 
structural, technological, and social impediments to conversion, and documents possible pathways 
for conversion in the intensive vegetable production industry. 
 
Background 
Organic farming is estimated to be growing at 30% a year worldwide in response to market forces 
(Troeth, 2001).  Export market demand for certified organic produce, especially vegetables, currently 
exceeds supply (Kinnear, 2000) and in many cases produce attracts premium prices (Fielke, 2001). 
The Australian organic industry is small relative to the conventional food production industry. This 
trend is reflected in the Tasmanian vegetable industry where only five, out of approximately 1500 
commercial vegetable growers are certified organic.  Only one organic vegetable grower is producing 
on a large-scale commercial basis. 
 
Tasmanian packing and exporting companies have increased their interest in organic produce in 
response to the global trend for increased consumption.  The opportunities are considered substantial 
enough by some to initiate, develop and support a commercial organic vegetable industry in 
Tasmania.  Export markets have considerable appeal due to demand for year round supply of fresh 
organic produce and an average price premium of 23% above conventional product.   
 
A scarcity of data on the commercial production of intensively cropped organic vegetables, combined 
with market potential, were the primary drivers of this four-year project.  The result was a partnership 
between the Department of Primary Industries, Water and Environment (DPIWE) and Field Fresh 
Tasmania (FFT), with funding from the Rural Industries Research and Development Corporation 
(RIRDC).  
 
Aims/Objectives 
 
• Test and evaluate, on a commercial scale, organic production protocols for a range of vegetable 

crops.  
 
• Document case studies assessing the production protocols, cost, net yields, market premiums and 

cost effectiveness of intensive organic vegetable production.  
 
• Provide information and training in organic production protocols for both existing and 

prospective organic vegetable growers. 
 
Methods used  
A 10-hectare site, located amidst intensive vegetable production enterprises on the northwest coast of 
Tasmania, was selected for the trial.  Conversion of the site to a certified organic status was 
conducted during the project and was a principle feature of the work.  The trial site consisted of three 
paddocks, which were split lengthwise to form six units of approximately 1.2 hectares each.   A five-
year cropping rotation was then overlaid onto the site plan representing an intensive vegetable 
production system of four years crop and one-year pasture/rest phase.  Crops chosen consisted of 
those considered relatively easy to grow organically (broad beans, snow peas, carrots) as well as 
those with the highest market demand but greater difficulty to produce organically (onions, shallots).  
Although an initial 5-year rotation was selected as a guide at the beginning of the trial, this was 
reviewed prior to each season and adjustments made according to the market information and the 
previous season’s production data. 
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Production Protocols: Production protocols for the major crops (onions and carrots) and for test 
crops (shallots, broad beans and snow peas) were progressively developed, adapted and refined 
throughout the trial for improved performance.  
 
Carrots and Onions: Inter-row spacing configurations were manipulated for greater soil cover and to 
improve accessibility and effectiveness of weeding machinery. Planting times for carrots were altered 
to reduce insect burden and to meet market requirements.  Addition of organic fertiliser and nitrogen 
budgeting were incorporated to improve nutritional health of crops.  Bed preparation and pre-
emergence weeding (flame) were adjusted for weed management purposes in onions.  
 
Shallots, broad beans and snow peas: A protocol for shallots was established however, bulbs from 
the first crop were mostly unmarketable due to a late planting date and a colder than usual season.  
A second shallot crop was planted in the subsequent season using the former season’s protocol.  
Planting layout and density of broad beans were manipulated for improved weed control, airflow and 
accessibility. Snow peas were deemed uneconomical due to high hand harvesting costs and low 
yields, and were ploughed in as green manures.  
 
Yields:  Yield data from the trial was collated and details are presented in the report.  Yields were 
mostly expressed in terms of net yield (t/ha) of Class I product and pack out (percentage yield of 
Class I product).  The exception is where either low total yield or low product quality occurred, in 
which instance only gross values are provided.  
 
Carrots and Onions: With the exception of the 2002 crop yields, the packout values for the harvested 
carrot crops were similar or better than average conventional yields indicating an overall high 
quality.  The carrot crop yield in 2002 was low, primarily due to wet weather and wet soil preventing 
pre-emergence flame weeding. The yields of organic onions were low compared to conventional 
yields.  A heavy weed burden may have impacted on yield.  Cutworm and accidental removal of crop 
plants with mechanical weeding implements may have also had a minor effect.  A change in planting 
configuration in 2002 contributed to a further decline in yield during that season.  
 
Shallots, broad beans and snow peas: The quality of product harvested from shallot crops was 
considered to be of a suitable market quality and comparable with conventional crops.  However, due 
to agronomic difficulties experienced, it is difficult to draw any meaningful conclusions or views 
relating to yields and associated factors.  Difficulties experienced related to a later than ideal planting 
time and colder growing conditions which were incompatible with variety requirements. Harvested 
seed from the first broad bean crop was retained for subsequent use.  Sufficient product from the 
second broad bean crop was harvested specifically for test marketing purposes and as a consequence 
extensive field data on yields and associated factors was not collated.  Snowpeas were produced for 
one season only.  Due to the high costs associated with the harvest and packing of crop, the volume 
harvested was extremely small and not sufficient to produce reliable data for analysis. 
 
Marketing and Economics: Market opportunities were assessed prior to crop selection and planting.  
Produce from the trial was sent internationally to the United Kingdom, Japan and interstate. 
 
Carrots and Onions: Initial market feedback on the first year’s production of carrots was very 
positive regarding quality, however all the markets indicated that premiums for pre-conversion and 
in-conversion organic produce are difficult to achieve.  Data from the first crop indicated that organic 
carrot production could cost $100-$130 a net tonne more than conventional carrot crop production.  
This poses a difficult financial dilemma for the pre-conversion and conversion periods in the absence 
of a suitable market premium. Despite low onion yields, pack-out figures were high indicating 
excellent onion quality.  The majority of the harvested bulbs fitted market specifications and were 
exported to the United Kingdom.  The bulbs were solid with tight skins presenting them as ideal for 
long term storage and shipping.  Based on this experience they are considered comparable with 
onions grown using conventional production practices.  
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Shallots, broad beans and snow peas: Shallot bulbs from the first crop were mostly unmarketable 
due to late planting date and colder than normal growing season.  In 2002, FFT planted a shallot crop 
using the protocols established.  Problems occurred when irrigation and rain delayed weeding. Due to 
the small recovery of Class 1 product in the second season the view was taken that the volume was 
too small to justify export.  Instead, the product was marketed in Australia – at higher prices than 
those achievable in export markets.  Commercial samples of broad beans were airfreighted to Japan 
and the quality was reported to be of a suitable standard.  Difficulties were experienced due to the 
extremely narrow production window, which prevented a sustainable marketing campaign.  
Evaluation was undertaken in Japan on the options of supplying product in complete pod form and 
individual beans, but both options proved to be commercially non-viable. Test marketing in Australia 
was undertaken and although initial quality feedback was positive, fungal deterioration became 
apparent with some product losses experienced by clients.  Demand for broad beans over the 
production period was limited and clients reported that product demand was strongest during winter 
months.  Whilst the product was considered to have niche interest, the prices were well below the 
levels required to make it commercially viable.  Snow peas were grown in 2001; the crop was sown 
in two plantings for sequential harvest. The hand harvesting costs for the first planting outweighed 
the market return. The variety was determined to be unsuitable and achievable prices were extremely 
low. Although product quality was considered suitable, hand harvest meant production was 
uneconomic. 
 
Weed and Pest Management: Weed control in the absence of herbicides was the dominant pest 
management issue in this project. Weed management was particularly challenging in the allium crops 
as they do not form a crop canopy to assist in competition against weeds.  These crops require 
constant weed control through to harvest.  However, non-herbicide weed management protocols for 
onion, carrot and broad bean crops were established and are detailed in this report.  They consist of a 
range of well-timed mechanical techniques.  Evidence of disease was detected in a number of crops 
grown at the organic trial site. However, whilst crop diseases occurred at the site, they were not 
considered a major management issue.  Copper and sulphate applications were used as the only form 
of fungicide at the site; the mixture is preventative and requires regular applications.  Overall, the 
effectiveness of the fungicide treatments was good.  Poor results were generally viewed as due to 
poor timing in application.  Overall insect pests, like disease, were not considered a major problem at 
the organic trial site.  However, they were detected in some crops at levels high enough to cause 
economic damage.  Insect pest management included the use of natural pyrethrins. 
 
Agronomic challenges for converting to intensive organic vegetable production: The three 
principal agronomic challenges identified by the trial work are: 
 
• Weed Management: Weeds proved to be the greatest pest management issue associated with 

intensive organic vegetable production and were a significant factor in the final production costs.  
This project indicated the major challenge to improve the economic viability of intensive organic 
vegetable production was to decrease the level of hand weeding required.   

 
• Soil Health and Nutrition: Soil structural damage was noted at the site and was primarily 

attributed to heavy vehicle use on moist soil at harvest. In addition, despite legume rotations, 
available nitrogen decreased rapidly over the trial period.  Improvements in soil organic carbon 
were identified as essential, while pH levels were considered satisfactory.  Long term soil 
monitoring at the site would be beneficial. 

 
• Skills: An organic producer needs to be highly skilled with additional and/or different skill sets to 

conventional farmers. The project team believe that many conventional farmers that may decide 
to convert would need additional training and skills support particularly through the conversion 
period.  Such support is likely to enhance the success rate of the conversion process and 
subsequent organic cropping operation.  
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Results/Key findings 
Over the four-year period of the project, the organic industry in Tasmania has continued to grow, 
though it still remains small compared to the conventional industry.  The project findings identify the 
likely areas of concern that conventional farmers, wishing to convert their operations to certified 
production systems, would encounter.  Given the management challenges encountered at the site 
(particularly due to high weed seed banks in the soil), the success of conversion would be enhanced if 
a three-year management period preceded the conversion period. The project team also suggests 
partial farm conversions as a viable step towards whole-of-farm conversion or even as maintained 
partial conversions. This would assist in spreading economic risk associated with conversion. 
 
Recommendations  
Specific recommendations for future work and to assist in addressing the issues identified in this 
project are: 
 
Research and Development (R&D): Regional R&D projects focussing on improved mechanical weed 
management are recommended.  Scope also exists for systems research into weed interactions with 
crops and the potential for defined and acceptable weed thresholds.  A research focus on maintaining 
and building soil health and nutrition under high production pressures could help in determining the 
most efficient level of farming intensity.   
 
Organic Learning Centre: The identified issue of skill shortage could be addressed through the 
establishment of an organic learning and demonstration centre.  This facility could integrate 
education and training with research and industry development.  An established facility could also 
provide the basis of long term monitoring sites for comparative organic/conventional soil and 
cropping system health. 
 
Economic analysis: The economics of organic production are complex when compared to 
conventional production.  Preliminary indications in this project indicate increased production costs 
that are offset by a premium price for the primary crops of onions and carrots.  Though indications of 
premium prices in excess of 20% are evident, premiums are likely to be extremely variable into the 
future.  Specific regional economic studies of the costs of organic production are recommended, with 
a focus on farm-gate prices and full gross margin analysis. 
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1. Introduction 
 
1.1 Background 
 
Organic farming is estimated to be growing at 30% a year worldwide and growth is largely market 
driven (Troeth, 2001).  Internationally the organics industry is worth approximately $40 billion in 
trade (Fielke, 2001). The growing popularity of organic produce is attributed to a range of factors, 
including escalating environmental and sociological concerns, animal rights and perceived health 
benefits (Watts, 2001; OPENZ, 2001; Kondinin Group 2000). The current export market demand for 
certified organic produce, especially vegetables, exceeds supply (Kinnear, 2000) and in many cases 
produce attracts premium prices (Fielke, 2001).  In Australia, organic retail sales are worth over $250 
million annually and approximately $40 million worth of organic produce is exported (Rosenbaum, 
2001).  Despite this, the size of the organic industry, relative to the conventional food production 
industry, is still relatively small.  
 
The situation in Tasmania reflects the national trend.  There is only one organic grower producing 
vegetables on a large-scale commercial crop rotation basis in Tasmania, despite considerable activity 
in other States.  Whilst there are around 1500 commercial vegetable growers producing in Tasmania, 
only five are certified organic. In terms of farm gate value, the Tasmanian vegetable industry is worth 
around $139 million annually, less than 1% of this can be attributed to organic production. Despite its 
relatively small size, commitment to organic vegetable production is increasing in Tasmania, and in 
one year alone the production of certified organic vegetables and herbs has more than doubled 
(Whitten, 2003). Consistent with local and global trends, the level of interest expressed by Tasmanian 
packer and exporting companies in organic produce has also risen and is considered substantial 
enough by some to initiate, develop and support a commercial organic vegetable industry. Due to 
demand for year round supply of fresh organic produce, and an average price premium of 23%, 
(Carey, pers.comm.) export markets in particular have considerable appeal.   
 
Despite the keen interest of packers and exporters the knowledge base of "organics" and confidence 
of local vegetable growers is overall very low. There has been a lack of information necessary for 
conventional producers to assess the economic benefits or otherwise of converting a large scale 
conventional vegetable production system to an organic one.  This is thought to contribute to a lack 
of large-scale growth. The economics of organic production have also been unclear and, 
consequently, the number of vegetable growers committing to an intensive organic vegetable 
production system has been too few to support significant export market development (Carey, pers. 
comm.).  
 
Tasmania's isolation and geographical position contribute to the great potential for a commercial 
organic vegetable sector, but the development of applicable nutrition, pest, disease and weed 
management techniques is required before the industry can markedly progress.  It was the market 
potential for organically produced vegetables, combined with a lack of data on commercial 
production of intensively cropped organic vegetables, that was the primary driver of this project.  The 
result was a partnership between the Department of Primary Industries, Water and Environment 
(DPIWE) and Field Fresh Tasmania (FFT), with funding from the Rural Industries Research and 
Development Corporation (RIRDC).  
 
Project work was conducted over a four-year period and during that time conventional farmland was 
converted to a certified organic status.  This report documents the process of conversion undertaken 
in the project, techniques and technologies employed in production, yields achieved and market data 
gathered during the period of the project.  Importantly the report documents the protocols used for 
high-volume organic vegetable production, the challenges faced during production and key areas to 
address to assist in the production of intensive commercial vegetable crops.  
 
The report concludes with some recommended future directions based on the findings in this study. 
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The primary audience for this project are conventional vegetable producers who may be interested in 
converting their enterprise to an organic system, and fresh market export packers who may have 
identified market opportunities for exported fresh organic vegetables. 
 
This study never intended to document full gross margin analysis of commercially produced organic 
vegetables; complexities in doing this arise in the significantly variable prices paid for organic 
produce and the variations in individual crop production enterprises.  Rather, it provides economic 
data on a range of techniques used to grow organic vegetables and assembled these costed techniques 
into some typical production protocols.  This information is suitable for inclusion into a gross margin 
analysis and can contribute towards the assessment of economic viability of the production of organic 
vegetables. The project itself has also been purely commercial/market focussed and does not address 
other aspects of organic production such as social elements, lifestyle, philosophy or the like.  This in 
no way infers that these elements do not have relevance but for the defined parameters of the project 
were not part of the study.  The primary audience for the work are conventional vegetable producers 
who may be interested in converting their enterprise to an organic system, and fresh market export 
vegetable packers who may have identified market opportunities for exported fresh organic 
vegetables. 
 
1.2 Project Objectives 
 
• To test and evaluate, on a commercial scale, organic production protocols for a range of 

vegetable crops.  
 
• Document case studies assessing the production protocols, cost, net yields, market premiums and 

cost effectiveness of intensive organic vegetable production.  
 
• Provide information and training in organic production protocols for both existing and 

prospective organic vegetable growers.   
 
1.3 Project Management and Approach 
 
Project management responsibilities were divided across staff from DPIWE and staff from FFT.  
During the first two years of the project, DPIWE were primarily responsible for day-to-day 
management of the site, data collection, some field operations and report preparation.  FFT were 
responsible for crop selection (based on market indicators), some seed sourcing and management of 
the certification aspects of the site.  This also involved FFT managing and coordinating the site audits 
and acting as the certificate holder for certification.  During the last two years of the project, FFT 
took on increased responsibilities of day-to-day site management as a transition towards full 
commercial operation.  During the project period there were several staff changes: project leaders 
changed with one leader resigning and a new leader being appointed.  Approaches to field 
management of the site also had to be adjusted to accommodate administrative changes in the 
DPIWE.  Management improvements included the formation of a project site management team 
enabling the most intensive year of production (2001/02) to draw on the wide-ranging skills of 
agronomists and technicians within DPIWE.  
  
Project Location: Selecting the location of the project was of major significance bearing in mind the 
need to target existing conventional vegetable growers, and generate realistic and meaningful data in 
relation to converting from conventional commercial vegetable production to commercial certified 
organic vegetable production.  The site chosen at Forth is located in the heart of intensive vegetable 
production country on the northwest coast of Tasmania (Fig. 1).  An area of 10 hectares was selected 
with a conventional agricultural history (Appendix A).  The site is surrounded on three sides by 
conventional farms.  On the fourth boundary is the DPIWE Forthside Research Station (FRS). 
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The site was typical of conventional vegetable production land likely to be converted, and yet was 
conveniently located close to technical and management facilities at FRS.  The farmland is owned by 
Webster Ltd, parent company of FFT, so a lease arrangement was established between DPIWE and 
FFT for the life of the project.  Issues of site exposure to possible contamination were largely offset 
by the fact that the site was bordered by a hedgerow of upright willow (Salix spp.).   
 
 

 
 
Figure 1: Location of project site on the northwest coast of Tasmania  
 
 
Pre-Field Data Collection: Initiating a large-scale field based project to generate data and assess 
protocols requires extensive preliminary research in terms of identifying existing certification standards, 
technologies and techniques. There were no large-scale producers of organic vegetables in Tasmania at 
the time of project initiation, so travel to gain first hand exposure to commercial broad acre organic 
systems was a significant component of the project in its initial stages.  
 
In March 2001, travel to New Zealand was undertaken by then-project leader Julia French and a 
travel report with a resultant 24 recommendations was prepared (Appendix B).  In conjunction with 
this project, DPIWE was conducting a related project funded by Horticulture Australia Limited 
(VG 99002 Organic Production Systems-Technology Transfer) that incorporated a European 
sabbatical examining technology transfer of organic production tools and techniques to conventional 
farming.  The subsequent sabbatical report provided additional detail particularly with respect to 
alternative pest management techniques (Dennis, 2000). Initial and ongoing review of the literature 
was maintained throughout the life of the project and information was used to assist site management 
and data interpretation wherever possible.  
 
 

Forth 

HOBART 

North 
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2.  Methodology 
 
2.1 Trial Design   
 
The trial site (Plate 1) consisted of three paddocks, which were split lengthwise to form six units of 
equal size (Fig. 2). The units had an area of approximately 1.2 hectares each. Each unit consisted of 
30 beds for row cropping and two beds for irrigator runs.  Buffers of myrtus berry (Myrtus ugni) were 
established to assist with additional site biodiversity and utilisation of intercrop rows for high value 
organic berry production. A five-year cropping rotation was then overlaid onto the site plan 
representing an intensive vegetable production system of four years crop and one-year pasture/rest 
phase.  The latter was considered a minimum requirement and the design allowed for an increased 
number of pasture/legume phases in the rotation whilst still simulating the likely demands for 
intensive organic vegetable production.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Plate 1: Farm trial site located at Kings Lane, Forth.  Site at commencement of project (left) in 1999 
showing 10 hectares of red ferrosol farmland with surrounding hedgerow of upright willow (Salix 
spp.). Site photograph in 2001/02 showing five units planted to organic vegetable crops and one unit 
(right lower corner) planted to oat-based pasture.  
 
 

 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 
1999/2000 
Pre-
conversion 
 

Carrots 
 

Broccoli 
 

Carrots 
 

Pasture 
 

Pasture 
 

Pasture 
 

2000/2001 
 
Conversi
on 
 

Oats 
 

Lupins / 
Broad Beans 
 

Oats 
 

Oats 
 

Oats 
 

Oats 
 

2001/2002 
 
Organic 
 

Oats 
 
Lupins 

Onions 
 
Lupins 

Snow Peas 
 
Lupins 

Carrots 
 
Lupins 

Shallots 
 
Lupins 

Broad Beans 
 
Lupins 

2002/2003 
 
Organic 
 

Mulch Lupins  
 
Resting / 
Fallow 
 

Mulch Lupins  
 
Carrots 

Mulch Lupins  
 
Onions 

Mulch Lupins 
 
Shallots  

Mulch Lupins  
 
Carrots 

Mulch Lupins  
 
Onions 
 

Figure 2: Trial plan representing the site divided into six units (columns) and overlaid with the crop 
rotation over time (rows). The dark lines between the units represent myrtus berry plantings.  
A hedge row of upright willows surrounds the entire block 
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2.2 Organic Certification 
 
A principal feature of the project was the real-time certification of 10 hectares of conventional 
commercial vegetable production land to a fully certified organic status.  The total conversion period 
was three years through to full certification with some preparatory work in the first year. The 
National Association of Sustainable Agriculture Australia Limited (NASAA 2001) was selected by 
the project team as the preferred certifier for the project for several reasons: 
 
• National certification body. 
• Audit inspector availability. 
• International recognition by potential export markets eg. Japan.   
• Australian and Quarantine Inspection Service (AQIS) Accredited. 
• International Federation of Organic Agricultural Movements Accredited (IFOAM). 
   
The market focus of this project was on export organic vegetables hence AQIS accreditation of the 
certification body was critical.  The three stages of certification (pre-certification, in conversion, full 
certification) for the farmlet are described below: 
 
1999-2000 Pre-certification: An application to embark on certification for the Kings Lane trial site 
was submitted in September 1999.  This application consisted of fees and a written request. 
Compliance with NASAA organic standards was implemented on the site from the time of 
application. NASAA approved pre-certification of the farmlet in February 2000. 
 
2000-2001 Certified Conversion: The first fully commercial crop production (in-conversion) began 
in 2000. Certified organic production practices were implemented in accordance with NASAA 
production standards (www.nasaa.com.au). The farmlet was officially granted In-conversion status in 
January 2001.  
 
2001-2002 Full Organic Certification: Full certification (No. 7075) was achieved in February 2002 
following annual audits. The farmlet is still being managed as a certified organic farmlet at the time 
of writing.      
 
2.3 Crop Selection 
 
Market potential was a major factor in crop choice tempered with rotational benefits.  FFT were 
responsible for market assessment and research into relevant crops with an available overseas market.  
This process was successful with at least half of the selected crops being pre-sold before production.  
This placed significant pressure on field managers that paralleled the sort of pressure a contracted 
grower may feel if producing the same crop on an intensive commercial organic farm.  
 
The three criteria used to select relevant crops were: 
 
• marketability 
• profitability 
• appropriate rotation.  
 
Crops chosen (Table 1) consisted of those considered relatively easy to grow organically (broad 
beans, snow peas, carrots), as well as those with the highest market demand but greater difficulty to 
produce organically (onions, shallots).  In addition to the major crops, initial assessments were 
undertaken in the first two years of a range of additional test crops with varying levels of success.  
Included in this category are the green manure crops such as narrow-leafed lupins.  Although not 
officially a production component in the trial, some data was also collected on myrtus berries planted 
as hedgerow dividers between the units. 
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Although an initial 5-year rotation was selected as a guide at the beginning of the trial, this was 
reviewed prior to each season and adjustments made according to the latest market intelligence, and 
production data obtained the previous season.  
 
 
Table 1: Major and test crops grown at the trial site from 1999 to 2003 

Year Major Crop Test crop 
1999/00 
 

Carrots  
 

2000/01 
 

Oats (as green manure) Broad beans 
 

2001/02 Onions 
Carrots 
 
 

Oats 
Lupins (as green manure) 
Snow peas 
Shallots 
Broad beans 
 

2002/03 Carrots 
Onions 
 

Lupins (as green manure) 
Shallots 

 
 
2.4 Crop Management 
 
After establishing certified production criteria (including acceptable and non-acceptable inputs) and 
having selected the crops, it was possible to develop a basic production plan for each crop.  The 
production plans formed the basis of tested and documented organic crop production protocols (see 
Results and Discussion) and assisted in the daily management and timing of activities (Table 2).  
They are divided up into general management activities and crop specific activities.  Each of these is 
briefly described:  
 
Complete Organic Fertiliser (C.O.F.): This is a slow-release fertiliser comprising processed and 
pelletised chicken manure.  It was used in every crop and applied and incorporated pre-plant. Rates 
of application varied from 1000 kg to 2000 kg per hectare depending on the crop type. Fertiliser 
analysis as follows:  
 
• total Nitrogen as natural organic compounds 3.2% 
• total Phosphorous as citrate soluble 3.2% 
• total Potassium as Potassium Sulphate 3.2%  
• Sulphur as Natural Organic Compounds 10.0%  
• total Calcium as calcium carbonate 13.0%  
• total Magnesium 2.6% 
 
Vitec® : This fish based fertiliser was applied in one crop of onions at a rate of 20 litres/ha to help 
offset soil nitrogen deficiencies.  
 
Flame weeding: A single bed width, tractor mounted implement with covered burners fuelled by 
liquid propane gas (LPG).  The burners are designed so that the flame directly touches the weeds.  
Ideally, the technique is applied post-planting before crop emergence.  In most of the trial crops at 
least one application was used.  In some situations, flaming was also used pre-plant on formed beds 
to encourage weed seed germination and then repeated for maximum kill. A hand held flame weeder 
(direct flame) was also used for weeds in wheel tracks between crop beds.  
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Triple K or K-Tine: This piece of standard farm equipment consists of rows of S-shaped tines 
followed by an off-set crumble roller.  The K-tine was used for final seed bed.  The implement was 
also used to lightly rake the bed surface and displace small weeds.   
 
 
Table 2: Management techniques used across the trial site for the different crops. 

 Broad 
Beans 

Carrots Onions Shallots Snow 
Peas 

Green 
manure 

Site  
Maintenance 

Plough 
(pre-sow) 
 

3 3 3 3 3 3  

Rotary Hoe 
(pre-sow) 
 

3 3 3 3 3 3  

Roterra 
(pre-sow) 

 3 3  3   

 COF 
application 
(Pre-sow) 
 

3 3 3 3 3   

Vitec 
 

  3     

Flame weed 
(pre-
emergence) 
 

 3 3 3 3   

Triple K 
(K Tine)  
(pre-
emergence) 
 

3 3      

Brush weed 
 

3 3 3 3 3   

Copper 
Hydroxide 
 

3    3   

Copper 
Sulphate 
 

3       

Pybo 
 

  3 3    

Hand weed 
 

3 3 3 3    

Mulch 
(senescence) 
 

     3  

Lawn Mow 
 

      3 

Slash 
 

      3 

Brush Cut       3 
 
Brush Weeding (Brush hoeing): Brush weeding is a mechanical method of removing small weeds 
from row crops using rotating brushes of hard nylon bristles (Orr, 2001).   Implement accessories 
include variable brush sizes and adjustable metal guards, which are used to protect the young row 
crop. The Brush weeder technique was used in all crops as the major form of mechanical weed 
control. The first weeding was undertaken at the 4-true leaf stage (2-leaf stage for onions).  Brush 
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weeding was applied between one and four times depending on weed burden, crop type and canopy 
development. 
 
Copper sulphate, Copper Hydroxide: These compounds were used as fungal preventatives on several 
of the crops. 
 
Py-BO® :  A natural pythrethrum extract utilised for its insecticidal properties. Py-BO was applied 
via a tractor mounted spray unit at a rate of 0.45 litres/ha for management of thrip and aphid pests.     
 
Hand weeding: Hand weeding was used in all test crops.  Most hand weeding operations were 
undertaken in the non-canopy forming crops such as onions and shallots and in the carrot crops 
during the period to canopy closure.  The primary hand weeding tools used were sharp hand hoes.  
Some hand pulling of weeds was used where some escapes had occurred.  Mid way through the 
project, a mechanised platform called a Drangen® was used to assist the hand weeders in weeding 
the crops.  Primary hand weeding focus was on intra-row weeds. 
  
Slasher/Mulcher: A tractor mounted slasher and mulcher were two pieces of equipment used 
primarily on the green manure crops planted at the site throughout the rotations.  This equipment was 
also used to keep vegetation low on irrigation runs and in headlands. 
 
Brush Cutting and mowing: A hand-held brush cutter was used to slash weeds and grass beside and 
around the myrtus berry bushes.  A lawn mower was also used to weed these areas in the trial site.  
Slashed/mowed material was left to form natural mulch around the base of the bushes. 
 
 2.5 Harvesting and Marketing 
 
Carrots, onions and shallots were mechanically harvested.  Hand harvests were necessary for snow 
peas, broad beans and myrtus berries.  Hand harvests were conducted using crews of pickers.  Snow 
pea harvests were staggered over time to ensure an appropriate supply of product to market.   
 
The marketing arrangements for the primary crops are described below: 
 
Carrots:  The total carrot crop from each harvest was marketed exclusively in Australia due to the 
small volume of product involved and a relatively strong domestic market. In the first season the 
product was marketed with specialist wholesalers in Melbourne, Sydney and Brisbane who supply 
the greengrocer trade.  In the second season, the crop was sold to a retailer for sale in Tasmania and 
Victoria, and to specialist wholesalers in Melbourne, Sydney and Adelaide for the greengrocer trade. 
 
Onions:  Class 1 onions from the first certified organic crop were predominantly exported to the 
United Kingdom with the balance of the crop sold in the Australian domestic market to a specialist 
wholesaler. The second crop was marketed directly in Australia.   This was due to the small crop 
volume and the relatively strong domestic market, which provided higher returns than identified 
export opportunities.  
 
Snow Peas: Due to the extremely high production costs associated with the crop, the decision was 
taken to limit harvest to small volumes to enable test marketing.  The main crop was used for green 
manure to improve soil fertility.  A small sample of product was airfreighted to Japan. 
  
Shallots:   Shallots from the first certified crop were exported to the United Kingdom, whilst in the 
second season the crop was marketed in Australia.    
 
Broad Beans: Product was grown specifically for the Japanese market but trial marketing was also 
undertaken in Australia.    
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Myrtus berries: Small volume samples were supplied to clients in Melbourne and Sydney during the 
first season only. 
 
2.6 Record Keeping 
 
Primary production software PAM Ultra Crop® was utilised as a tracking and recording system for 
all inputs and field management operations conducted at the organic trial site.  Activities were 
immediately logged in a field diary and then transferred to the software program. The recording 
system was located at DPIWE's Forthside Research Station and was accessible to both DPIWE and 
FFT staff.  The PAM program was already in use for all activities occurring at the Forthside Research 
Station thus inclusion of the nearby organic project site into the PAM system was immediate on 
initiation of the project. The software system served as a useful tool for data input, storage, retrieval 
and analysis greatly assisting in record keeping for organic certification requirements. 
 
2.7 Technology Transfer 
 
Newspaper articles, web based information, radio and field day events were combined in an ongoing 
communications strategy to disseminate early information and raise awareness and maintain on- 
going interest in the project.  The target audience was identified as conventional vegetable producers 
who may be interested in converting their enterprise to an organic system, and fresh market export 
packers who may have identified market opportunities for exported fresh organic vegetables.  
Primary media outlets catering to these target audiences were identified and relevant news stories and 
media releases made (Appendix C). In addition to written articles, several radio interviews were 
conducted.  Television coverage included a segment on ABC Landline that received National 
coverage.  A number of field days were conducted from 1999 to 2003 and were attended by farmers, 
tertiary students, agricultural industry employees and the general public.  Field Fresh Tasmania 
hosted a series of international client visits to the site.   
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3.  Results and Discussion 
 
As a primary objective of this project was to test and develop organic cropping protocols, these are 
presented first.  Elements of the protocols including crop yields, pest management and soil 
management are discussed in detail.  This section concludes with a simple comparative economic 
analysis for organic onion and carrot production. 
 
3.1 Organic Vegetable Cropping Protocols 
 
The major organic crops harvested from the trial site were brown onions and carrots. Broad beans, 
shallots and snow peas were also included as test organic crops.  Production protocols for the major 
crops were developed, adapted and refined throughout the trial for improved performance.   
 
Crop nutrition was maintained via the use of rotation and leguminous ley crops, and with the addition 
of slow release fertiliser processed from chicken manure (COF® Complete Organic Fertiliser). 
Fertiliser was broadcast at the start of the cropping season at a rate of 1000 kg/ha for all crops.  
 
All crops were irrigated with a travelling gun irrigator and irrigation was applied according to 
standard commercial practice.   
 
Organic Carrot Production Protocol (1999-2002): The carrot crop production protocol was 
progressively adjusted based on the experience gained from previous crops.  In 1999, inter-row 
spacing configuration for the second planting of carrots was decreased to improve soil canopy cover 
with the number of crop rows increased from four to six rows.  Application of an organic fertiliser 
was incorporated into the protocol to improve the nutritional health of the crops in 2001. Planting 
time was also varied during the project. The January planting (second crop 1999/2000) was a very 
late planting of this variety in Tasmania and the crop matured more quickly than earlier planted 
crops. Planting time variations were used to reduce insect burden but also altered to meet market 
requirements. 
 
Although market feedback was very positive regarding quality, all the markets indicated that 
premiums for pre-conversion and conversion organic produce are difficult to achieve.  Data from the 
first crop indicated that organic carrot production could cost $100-$130 a net tonne more than 
conventional carrot crop production.  This poses a difficult financial dilemma for the pre-conversion 
and conversion periods in the absence of a suitable market premium. 
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Table 3: Carrot Production Protocols 

Plant dates 31/10/99 19/1/00 28/11/01 2/08/02 
Plot/Bed size Standard 1.6m Standard 1.6m Standard 1.6m Standard 1.6m 
Area 1 ha 1.2 ha 1.2 ha 0.6 ha  
Plant spacing 4 rows per bed 6 rows per bed 6 rows per bed 6 rows per bed 
Cv/seed/source Untreated Kuroda 

from Takii  
Untreated Kuroda 

from Takii 
Untreated Kuroda 

from Takii 
Untreated Kuroda 

from Takii 
Bed 
Preparation 

Cultivated flat 
beds 

Cultivated flat beds Cultivated flat beds  Cultivated flat beds  

Fertiliser 
Rate/Type 

None required None required C.O.F 
1 t/ha 

Broad cast 

C.O.F 
1 t/ha 

Broad cast 
Weed Preplant Cultivation Cultivation Cultivation 

Stale Bed gas 
flamer x 3 

Cultivation 

Weed Pre crop 
emergence 

Stale bed gas 
flamer 

Stale bed gas 
flamer 

Stale bed gas 
flamer 

Stale bed gas 
flamer  

Weed Post crop 
emergence 

Brush weed (x 2) 
hand weed  

Brush weed (x 2) 
hand weed  

Brush weed (x 2) 
Hand weed  

Brush weed (x 2) 
Hand weed 

Diseases N/A – low plant 
density, 

orientation 
assisted air flow 

N/A – orientation 
assisted air flow 

N/A – orientation 
assisted air flow 

N/A – orientation 
assisted air flow 

Insects  Cutworm – Brush 
weeder 

Planting time Cutworm – 
Brush weeder 

Cutworm – 
Brush weeder 

Irrigation Traveller, once per 
week @ 10-25 

mm 

Traveller, once per 
week @ 10-25 mm 

Traveller, once per 
week @ 10-25 mm 

Traveller, once per 
week @ 10-25 mm 

Harvest 15/2/00 12/5/00 28/3/02 February 2003 
Observations Long carrots, not 

true to type 
causing market 
identification 
problems1.   

Crop conformed to 
its varietal 
specifications and 
once again matured 
2-3 weeks early2.  

 Flaming application 
was missed due to 
wet weather. 
Extreme weed 
burden in the 
germinating crop.  
 

Packout 71% 67% 61% 42% 
Net yield (t/ha) 45.5 48 44 11.5  
 
Organic Onion Production Protocol (2001-2002): Onions from the 2001/2002 season showed 
symptoms of nitrogen deficiency (leaf chlorosis and general pallor).  In the 2002/2003 season this 
deficiency was partially overcome by matching the onion crop to a paddock unit that previously grew 
legumes (snow peas).  The technique of fertiliser application was also adjusted to improve nutrient 
access; the fertiliser was banded and placed parallel to each crop row.  Fertigation tape was set up in 
several small plots in anticipation of the possible need to apply a liquid fertiliser such as kelp.  Close 
monitoring of the onion crop, including sap tests taken between the 5-leaf stage and early bulbing, 
indicated adequate nitrogen availability and no follow up fertiliser was required. Planting 
configuration of the onions was altered from 4 double rows per bed (2001 season) to five single rows 
per bed (2002 season). This change improved the accessibility and effectiveness of brush weeding 
and reduced the requirement for hand weeding by reducing the intra row weed area. 
                                                      
1 This may have been due to planting density, absence of herbicide damage or irrigation scheduling.  The crop 
matured 2-3 weeks earlier than usual. 
2 There was little disease and the weeds that caused problems at harvest were the ones with large taproots 
fouling the harvester.  Hand weeders also failed to distinguish pinkweed from carrot and so pinkweed remained 
in the crop. 
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Table 4: Onion production protocols 

Plant dates 30/8/01 2/8/02 30/9/02 
Plot/Bed size Standard 1.6m Standard 1.6m Standard 1.6m 
Area 1 ha 1 ha 1 ha 
Plant spacing 4 double rows 5 single rows 5 single rows 
Cv/seed /source Untreated Cream Gold 

Line 160 from Field 
Fresh Ltd 

Untreated Cream Gold 
Line 160 from Field 

Fresh Ltd 

Untreated Cream Gold 
Line 160 from Field 

Fresh Ltd 
Bed Preparation Cultivated for flat beds Cultivated for flat beds Cultivated for flat beds  
Fertiliser Rate/Type C.O.F 

1 t/ha 
Broad cast 

C.O.F 
1 t/ha 

Broad cast 

C.O.F 
1 t/ha 

Banded 
Weed Preplant Cultivation Cultivation Cultivation 
Weed Pre crop 
emergence 

Stale bed gas flamer Stale bed gas flamer x 2 Stale bed gas flamer x 2 

Weed Post crop 
emergence 

Brush weed x 2 
Hand weed   

Brush weed x 3 
Hand weed   

Brush weed x 3 
Hand weed   

Diseases N/A NA – orientation 
assisted air flow 

NA – orientation 
assisted air flow 

Insects  Thrips 
(PyBO) 

Cutworm  
(Brush weeder) 

Thrips 
(PyBO) 

Cutworm  
(Brush weeder) 

Thrips 
(PyBO) 

Cutworm  
(Brush weeder) 

Irrigation Traveller, once per 
week @ 10-25 mm 

Traveller, once per 
week @ 10-25 mm 

Traveller, once per 
week @ 10-25 mm 

Photographs 28/3/02 27/3/03 27/3/03 
Observations Chlorosis 

 
Thrips  Thrips populations were 

present in the crop, no 
evidence of chlorosis 

Packout 87.3% 86.6% 
Net yield (t/ha) 24 16.4 

 
Bed preparation and pre-emergence weeding was also adjusted in the second year of protocol 
development.  In 2001, the crop bed was prepared 3 days in advance of planting and a single flaming 
application was applied 13 days after planting.   In 2002, the crop bed was prepared 2.5 weeks prior 
to planting to encourage weed seed strike.  Flame weeding was then applied in two instances, the first 
being three days after planting to desiccate the weeds that had germinated in the 18 days since bed 
formation.  The second flame weeding was performed 13 days after planting as in the first season’s 
protocol.  The goal of the stale seedbed technique and double flaming was to stimulate early weed 
germination and reduce the population of dormant weed seeds near the soil surface.  Heat from the 
flame weeder also appeared to encourage germination of all seeds.  
 
Organic Broad Bean Production Protocol (2000-2002): Harvested seed from the first broad bean 
crop was retained for subsequent use. The protocol was adjusted for the second year of production; 
broad beans in every third bed were replaced by an oat buffer. This facilitated both airflow within the 
crop and crop accessibility.  A high planting density was used as rapid canopy closure was required 
for weed control.  
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Table 5: Broad bean production protocols 

Planting dates 29/6/00 11/7/01 & 16/7/01 
Plot/Bed size Standard 1.6 Standard 1.6m 
Area 0.43 ha 2 plantings x 0.6 ha 
Plant spacing 3 rows per bed 

100 mm intra row spacing 
3 rows per bed 

100 mm intra row spacing  
(every 3rd bed an oat buffer) 

Cv/seed / 
source 

Untreated Jumbo Untreated Jumbo 

Bed 
Preparation 

Cultivated for flat beds Cultivated for flat beds 

Fertiliser Rate 
/Type 

C.O.F 
1 t/ha  

C.O.F 
1 t/ha 

Weed Pre 
plant 

Cultivation Cultivation 

Weed Pre crop 
emergence 

K tine K tine 

Weed Post 
crop 
emergence 

Brush weed x2, hand weeding x1 Brush weed x1  
Hand weed   

Diseases Copper Sulphate Copper Sulphate 
Chocolate spot and rust 

Insects  NA Heliothis – not treated 
Irrigation Travelling irrigation, once per week @ 10-25 

mm  
Traveller, once per week @ 

10-25 mm 
Harvest Hand harvest, 12/2000  Hand harvest 28/3/2002 
Observations Disease initiation occurred in mid October and 

progressed late November.  The size of the 
crop prevented application of disease 
suppressants later in the crop and needs to be 
addressed in future.  The crop has grown well 
in the latter stages and has smothered the 
weeds in low to medium pressure areas. 

Heliothis damage to pods late in 
season reduced yield. 
 
 

Packout Harvested for seed only due to quality 
concerns 

50% 

Net yield (t/ha) See above comments 1.8 
 
 
The key success factor for weed management in broad beans was timeliness. Preventing an early 
establishment of weeds enabled the crop to grow rapidly and establish a dense canopy.  The broad 
bean plants also grew tall and were unaffected by any sub-canopy weed growth.  Preliminary fungal 
pathogen problems were encountered in the first year due primarily to reduced airflows and 
favourable weather conditions but a combination of copper/sulphur protectants and improved airflow 
in the second year resulted in decreased fungal disease. The primary pest management problem in the 
second year was heliothis.  Heliothis damage resulted in an approximate loss of 50% of the harvested 
beans from the second year’s crop.  Commercial samples of broad beans were airfreighted to Japan 
and the quality was reported to be of a suitable standard.  Unfortunately, the prices achievable were 
considerably lower than required to make this commercially viable.  Difficulties were also 
experienced due to the production window being extremely narrow, resulting in all product maturing 
at the same time, which prevented clients from developing a sustainable marketing campaign.   
Evaluation was undertaken in Japan on the options of supplying product in complete pod form and 
individual beans, but both options proved to be commercially non-viable.   Discussions with clients 
indicated that this situation was not expected to change in the future.  Test marketing in Australia was 
undertaken with specialist greengrocers in Melbourne and Sydney.  Initial quality feedback was 
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positive, but fungal deterioration became apparent with some product losses experienced by clients.    
Demand for broad beans over the production period was limited and clients reported that product 
demand was strongest during winter months.   Whilst the product was considered to have niche 
interest, the prices were well below the levels required to make it commercially viable. 
 
Organic Shallot Protocol (2001-2002): The very disappointing packout result achieved was a direct 
consequence of the planting date being too late for this variety and a colder than normal growing 
season which prevented the crop from producing marketable bulbs. In 2002, FFT planted a shallot 
crop using the protocols established in 2001.  Problems occurred when irrigation and rain delayed 
weeding. The growth of weeds was thought to have a substantial impact on yields.  Final yield for 
shallots grown in 2002- 2003 period was 0.50 t/ha (class one product) with a pack out of 62.5%. The 
quality of the first crop was marginal, but due to close liasing and extended planning with the UK 
client, which commenced at the time of planting, it was mutually agreed to proceed with a trial 
shipment.  The arrival quality was disappointing with a low packout achieved.  However, the product 
recovered was of acceptable quality and the client confirmed their intention to continue with 
development work the following season.   Due to the small recovery of Class 1 product in the second 
season the view was taken that the volume was too small to justify export, this was agreed with the 
UK client, and the product was marketed in Australia – at higher prices than those achievable in 
export markets. 
 
Table 6: Shallots production protocols 

Planting dates 19/10/2001 
Plot/Bed size Standard 1.6m 
Area 1.2 ha 
Plant spacing 30mm 
Cv/seed /source Untreated Ambition 
Bed Preparation Cultivated for flat beds 
Fertiliser Rate/Type C.O.F 

1 t/ha 
Weed Pre plant Cultivation and stale bed gas flamer 
Weed Pre crop emergence Stale bed gas flamer x 2 
Weed Post crop emergence Brush weed x 3  

Hand weed   
Diseases Powdery Mildew (Sulphur)  
Insects  Thrips (Py-BO) 
Irrigation Traveller, once per week @ 10-25 mm 
Harvest 18/04/02 
Packout 4% 
Net yield (t/ha)  0.68 

 
 
Organic Snow Pea Production Protocol (1999-2002): Snow peas were grown in 2001; the crop was 
sown in two plantings for sequential harvest. The hand harvesting costs for the first planting 
outweighed the market return.  The second planting was incorporated as a green manure crop.  
Market feedback was negative; the variety was determined to be unsuitable and achievable prices 
were extremely low. Quality was considered suitable, but production uneconomic. 
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Table 7: Snow pea production protocols 

Planting dates 26/9/01 19/11/01 
Plot/Bed size Standard 1.6m Standard 1.6m 
Area 0.6 ha 0.6 ha 
Cv/seed/source Untreated Oregon Untreated Oregon 
Bed Preparation Cultivated for flat beds Cultivated for flat beds 
Fertiliser Rate/Type C.O.F 

1 t/ha 
C.O.F 
1 t/ha 

Weed Pre plant Cultivation and Stale bed gas flamer Cultivation 
Weed Pre crop 
emergence 

None None 

Weed Post crop 
emergence 

Brush weed x 2 
Hand weed   

Brush weed x1  
hand weed   

Diseases Chocolate spot, Rust, Mildew 
(Copper Hydroxide, Sulphur) 

Chocolate spot, Rust, Mildew 
(Copper Hydroxide, Sulphur) 

Insects    
Irrigation Traveller, once per week @ 10-25 

mm 
Traveller, once per week @ 10-25 

mm 
Harvest 3/12/2001 

Hand 
No  

Observations Hand pulling and 
Threshing by hand  

 

Packout 37% 
Net yield (t/ha) 0.13 

 
 
3.2 Crop Yields 
 
Yield data of the organically produced vegetable crops, compared with equivalent average 
conventional crop yields (Table 8), indicates variations across the crops, with optimum results for 
organic carrots and yield difficulties for the organic onions.  Each crop yield is examined in detail 
below. 
 
Carrots:  With the exception of the 2002 crop yields, the packout values for the harvested carrot 
crops were similar or better than average conventional yields indicating an overall high quality.  The 
first pilot commercial carrot crop (1 ha), grown in compliance with NASAA pre-conversion 
requirements in 1999, yielded 64.2 t/ha gross and 45.5 t/ha net (71% pack out).  This compares 
favourably with conventionally grown crops of the same variety that on average yield 66 t/ha gross 
and 34 t/ha net (52% pack out). Class 1 product from this carrot crop was sent to Sydney, Melbourne 
and Adelaide for test marketing. The second carrot crop planted in 1999 also produced net yields that 
compared favourably with conventional crops. 
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Table 8: Class 1 yields using organic production techniques (O) for each of the primary crops with 
average conventional yield (C) as an indicative comparison. 
Crop  Year sown Variety (O) 

t/ha  
(O) 

Pack Out 
(%) 

 (C) 
t/ha 

(C) 
Pack Out  

(%) 
Carrots 1999 Kuroda 64 71 66 52 

 1999 Kuroda 58 67.4 66 52 
 2001 Kuroda 72 66.0 66 51 
 2002 Kuroda 28 42 66 55 

Onions 2001 Cream 
Gold 

28 87.3 60.5 79.3 

 2002 Cream 
Gold 

19 86.7 73.4 77 

Broad Beans 2001 Jumbo 3.7 84 35 40 

Shallots 2001 Ambition 14 N/A 29 58 
Snow Peas 2001 Oregon 0.29 36.8 N/A N/A 

 
 
The carrot crop yield in 2002 was low, primarily due to wet weather and wet soil preventing pre-
emergence flame weeding. By the time conditions were suitable for flaming, the carrot crop had 
emerged and flaming would have destroyed the seedlings.  This event is indicative of the critical 
nature of the timing of specific weeding operations in an organic crop.  Normally this would be 
regarded as a crop failure but in this instance the crop was salvaged.  Weed competition in the crop 
was intense and heavy hand weeding was required early in the season with removal of some weeds 
greatly disturbing carrot seedlings.  The yield outcomes for the crop were noticeably reduced with 
packout greatly affected by deterioration in store.  
 
Onions:  The yields of organic onions were low compared to conventional yields.  As onions are poor 
competitors, and the weed burden at the trial site was heavy, it is possible that competition with 
weeds reduced the final yield.  Cutworm and accidental removal of crop plants with mechanical 
weeding implements may have also impacted on yield, though the loss is considered to be relatively 
minor. A change in planting configuration (4 double rows to 5 single rows) in 2002 contributed to a 
further decline in yield in the 2002/03 season, although the new configuration improved access for 
mechanical weed removal and reduced hand weeding costs. Despite low yields, pack-out figures 
were high indicating excellent onion quality.  The majority of the harvested bulbs fitted market 
specifications.  The bulbs were solid with tight skins presenting them as ideal for long term storage 
and shipping and based on this experience they are considered comparable with conventional 
production.  
 
Broad Beans: Sufficient product from this crop was harvested specifically for test marketing 
purposes and as a consequence extensive field data on yields and associated factors was not collated. 
 
Shallots: The quality of product harvested from this crop was considered to be of a suitable market 
quality, and comparable with conventional crops.  However, due to agronomic difficulties 
experienced, it is difficult to draw any meaningful conclusions or views relating to yields and 
associated factors.  Difficulties experienced related to a later than ideal planting time and colder 
growing conditions which were incompatible with variety requirements.  
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Snow peas: Due to the high costs associated with the harvest and packing of crop, the volume 
harvested was extremely small and not sufficient to produce reliable data for analysis. 
 
3.3 Soil health and condition 
 
The trial site is situated on a red ferrosol, clay loam soil that is typical of the surrounding agricultural 
region.  Soil health and fertility indicators were monitored over the course of the project to detect 
variations associated with the change from conventional to an organic management approach 
(Appendix D). Some of these measures were referenced against a neighbouring conventionally 
managed site. 
 
Soil Nutrition and chemical status: Composite soil samples for basic nutrient analysis, soil Organic 
Carbon (OC) and pH (measured in water) were collected on an annual basis from 1999-2003. Soil 
samples were taken from the top 10 cm of each paddock unit. Ten sub-samples were collected from 
each and combined to form a bulk sample. Soil samples were collected on an annual basis prior to the 
cropping season and submitted for laboratory assay.  Data from each unit was combined for the 
results presented.  Information on the major nutrients (nitrogen, sulphur, phosphorous, potassium) 
was compiled and is summarised below (Figs. 3a and 3b). Soil carbon and acidity levels are 
illustrated in Figure 4.   
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Figure 3. Nutrient levels at the organic trial site over the trial period 
 
 
Soil nitrogen levels at the trial site declined during the four year trial period despite inclusion of 
leguminous crops into the rotation (Fig. 3b).  Other indicators, including mild chlorosis of onions, 
suggested that available nitrogen at the site was steadily being exhausted. The decline in nitrogen is 
seen as a major issue for the site.  However, the data may reflect recent leaching and is not 
necessarily indicative of nitrogen exhaustion from the system. However, managing the nitrogen status 
will be a major issue for improving soil health and managing future crop nutrition.  In the short-term 
nitrogen deficiency will be addressed by incorporating an uninterrupted series of legumes into the 
rotation.   
 
Soil sulphur levels increased in 2001 which is possibly attributed to the use of anti-fungal copper 
sulphate sprays applied during the 2000-2001 season (Fig. 3b). The sulphur levels have since 
declined and, with the ion being extremely soluble, is expected to decline further with 
rainfall/irrigation. Potassium levels remained relatively stable over the trial period (Fig. 3a). Further 
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monitoring is required to detect any deficiencies, but levels of potassium are being maintained at 
present.  This could be due to nutrient availability from pre-1999 conventional cropping history, or 
could be due to the mineralisation of plant residues replacing the amounts of potassium used.  Soil 
phosphorous (Colwell) measures indicate some variation at the site across the four-year period and a 
slight downwards trend. Colwell phosphorous compared favourably to the neighbouring 
conventionally managed site, which reflected lower values (100mg/kg). The observed levels of 
available sulphur, phosphorous and potassium are considered to be adequate for the crops being 
grown. 

Figure 4. OC and pH levels at the organic trial site over the trial period. 
 
 
Soil organic carbon levels remained relatively stable at around 3% (Fig 4). Levels of organic carbon 
considered desirable are between 4% and 5% (Cotching, pers. comm.) thus further improvements at 
the site are required for sustainable production. A lack of organic carbon is associated with a number 
of major disadvantages in the soil including lack of workability, an increase bulk density and a 
decreased microbial biomass (Sparrow et al., 1999).  Increasing the organic carbon content of the soil 
in all units will reduce the risk of compaction damage and improve biological activity and nutrient 
recycling. Further long term testing is required to confirm if carbon content at the site is stable or 
increasing. Soil organic carbon is the most important factor for soil health and is best achieved by 
avoiding long fallow periods and ensuring immediate replacement crops, such as green manures, are 
sown immediately after harvest of commercial crops (Pung et al., 2003). 
 
Soil pH affects the availability of nutrients to plants (Reid, 1990).  An overall increase in soil pH was 
observed rising from 6.15 in 1999 to 6.55 in 2002 (Fig. 4). This change is minor and may simply 
reflect paddock variability. Current pH remains well within the range best suited for temperate 
cropping (Fig 4).  
 
Soil Biota: Assessments of soil micro flora and fauna (soil biota) were conducted in 2001 and 2003 
(Appendix D). Soil from the top 10 cm was sampled. Ten sub-samples were collected from each unit 
and combined to form a bulk sample. The soil biota results were used as a snap shot of the general 
biological condition of the site at each particular sampling period. Comparisons were made with a 
neighbouring conventionally managed site located at Forthside Research Station (FRS), which was 
sampled at the same time. 
 
The organic site had greater active fungal and active bacterial biomass than the conventionally 
managed site, although the values were still low (Table 9).  Total fungal and bacterial biomass and 
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the protozoan population were low at both sites.  This was mirrored in the low number of bacterial 
and fungal nematodes at both sites.  Whilst both sites had an overall low number of soil biota, 
activity tended to be bacterial dominated rather than the desired 1:1 ratio considered indicative of a 
highly productive agricultural soil (Ingham, 2003). 
 
 
Table 9. Summary of organism biomass data from 2003 
Rotation Active 

Bacterial 
Biomass 

(μg/g) 

Active 
Fungal 

Biomass 
(μg/g) 

Active Fungal to 
Active Bacterial 

Biomass 

Total Fungal 
to Total 

Bacterial 
Biomass 

Desired Range 10-25 10-25 1:1 0.6-1.2 
Organic site 11.0 2.51 0.23 0.27 
Conventionally managed site 4.20 0.00 0.00 0.45 

 
 
Microbial activity and diversity needs be encouraged at the trial site.  Greater levels of soil organic 
carbon have been directly correlated with greater microbial biomass in the ferrosol soils (Sparrow 
et al. 1999) thus an increase in organic matter originating from a range of sources should provide the 
sustenance for building a healthy soil ecosystem. Increased fungal biomass will hasten soil structure 
repair and encourage nutrient cycling.  Fungal foods in particular could be provided in the form of 
compost or by using fertigation with compost teas.  Heavy application of compost at the site has been 
considered as this would address the issues of low organic matter and low biological activity.  
However, costs associated with transport and application of broad acre compost have made this 
uneconomic.  As a compromise, four of the six production units will be rested for two years with a 
ground cover of self mulching green manure crops, and the potential for an application of compost 
tea will be investigated.  Follow up assessments may result in an even longer ley time with the 
inclusion of fibrous grasses or mixed sward into the rotation regime.   
 
Soil Structure: Soil structure was assessed in 2000 and 2003 and visual observations were made during 
the trial.  Soil structure was measured as soil penetration resistance using a recording core penetrometer 
(which measures soil compaction).  Resistance penetration was measured to 600 mm depth and was 
carried out within the paddock beds of unit 4.  Penetration resistance doubled over the 0-150 mm depth 
(Table 10 and Fig. 5) indicating that surface compaction has occurred.  Whilst the value observed is less 
than 2000 kPa, considered to be the critical value beyond which root growth becomes severely impaired 
(Cass, 1999), this degradation of structure represents a major challenge for management of the site. 
Adoption of organic methods of fertiliser management and crop rotation does not necessarily give rise 
to better treatment of soil physical properties.  
 
 
Table 10: Soil penetration resistance measurements taken at Unit 4 for 2001 and 2003 

Year Soil depth of maximum 
penetration resistance 

Average soil penetration resistance (kPa),  
measured over the depths (mm) of 

   (mm) 0-150  150-300 300-450 
Autumn 

2002                 525   404 1158 2295 
Winter 
2003                 570 982 1630 2308 
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Figure 5.  Soil Penetration resistance at Unit 4 of the trial site 
 
 
Visual evidence of compaction and soil structure degradation, in the form of large angular soil clods, 
was also seen in unit 2 following the carrot harvest.  Establishment of faba beans in these parts of the 
site was much slower when compared to the areas of the site that were rested for a year.  It is likely 
the difference in broad bean establishment was a direct consequence of the surface compaction 
depicted (Table 10, Fig 5). Regular use of machinery for cultivation and other weeding operations 
would probably have contributed to the site compaction with a concentration of damage beneath 
wheel furrows. Another factor contributing to compaction could have been the use of heavy 
harvesting equipment operated on moist soil, which is characteristic of current commercial carrot 
production. 
 
Penetration resistance is dependent on moisture content in structurally degraded soils (Cass, 1999). 
As a compacted soil dries, penetration resistance is increased.  The resistance readings from 2003 
(Fig 5) were observed in moist soil.  The resistance will increase as the soil dries, possibly to a level 
great enough to impede root and root hair development (ie. greater than 2000 kPa) and root access to 
nutrients.  This type of shallow compaction has the potential to inhibit seed germination and seedling 
emergence (Cotching, pers. comm.).  Crop performance depends on the ability of roots to extend into 
the soil and the presence of symbiotic microbes within the rhizosphere, which is diminished by 
compaction. The preferred method to restore compacted soil is a long-term ley without stock using 
vigorous fibrous rooted grass species. Due to the parameters of intensive vegetable production of this 
site, a long-term ley is not considered viable. 
 
3.4 Weed management 
 
Weed control in the absence of herbicides was the dominant pest management issue in this project.  
This highlights the need to focus on efficiency improvements in non-herbicide weed management. 
Weed management is particularly challenging in allium crops, such as onions, that do not form a 
canopy.  These crops require constant weed control through to harvest.  However, non-herbicide 
weed management protocols for onion, carrot, and broad bean crops were established and consist of a 
range of well timed mechanical techniques (Table 11).   
 
Effective weed management techniques incorporated into the commercial cropping process were: 

 
Flame weeding: The application of flame was restricted to newly germinated weeds. Flame weeding 
treatments were applied in most crops at several intervals depending on the crop type and protocol 
development.  Pre-plant flaming treatments were used to stimulate weed seed germination and kill 
successive weed strikes, depleting the immediate weed seed bank and preparing a stale seed bed.  In 
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most crops pre-emergent flaming was also applied approximately 7-10 days post-seeding to again kill 
early weed emergence, and in cold weather to stimulate crop seed germination. 
 
 
Table 11: Non-herbicide weed management protocols for onions, carrots, and broad beans 
Crop Technique Crop Stage (weeks) Weed Stage (true 

leaf) 
Onions 
Carrots  
Broad beans 

Flame weed  
Flame weed 
Flame weed 

4 (pre-plant) 
2 (pre-plant) 
2 (pre plant) 

2-4 
2-4 
2-4 

    
  Post-plant/Pre-emerge  
Onions Brush weed 2 (post-emerge)  
 Brush weed As needed 4 
 Brush weed As needed 4 
 Hand weed As needed 4 
 Hand weed As needed >4 
 
Carrots 

 
Brush weed 

 
As needed 

 
4 

 Brush weed As needed 4 
 Hand weed As needed >4 
 
Broad beans 

 
Brush weed 

 
As needed 

 
4 

 Brush weed As needed 4 
 

 
Flame weeding applications were most effective when weeds were at the cotyledon stage. Poor 
flaming results were evident when weeds were even slightly advanced, and particularly poor 
outcomes were observed in those weed species whose growing points were below the soil surface, 
such as brassica weeds. The timing of flaming was deemed critical for good weed control.  In the 
case of the trial site, delays in flaming resulted in poor early weed control with subsequent negative 
impacts on the crop.  
 
Brush weeding: Following crop emergence, brush weeding was used as the main replacement for a 
post-emergence herbicide use. Brush weeding was found to be very effective at the two to four true 
leaf weed stage.  Operator skill in tractor driving and guiding the brush weeder was seen as critical to 
the success of the technique.  Crop guards allowed brushing as close as 20 mm either side of the crop 
rows although the operation was slower.  Increasing the guards to a distance of 32 mm allowed 
brushing to be done twice as fast (average speed 2 km/hr, 3 hr/ha).  It is expected that further 
development of operator skill would result in increased speeds of up to 4 km/hr (Orr, 2000).  The 
technique could also be improved with the installation of remote guidance systems on the weeder 
thus replacing the brush weeder operator (McPhee, pers. comm).  

 
Carrot crops were identified as ideal crops to brush weed, with only one well timed brush weeding 
needed before canopy closure.  Brush weeding operations were effective on both dry and moist soils.  
Efficacy was reduced if rainy wet conditions followed, allowing the weed seedlings brushed from the 
soil to re-strike.  Brush weeding needed to be combined with hand weeding to be truly effective.  The 
principle reason was the inability to weed within rows; a hand weeding following a brush weeding 
focused on intra-row weed removal. 
 
Manual hand weeding: All the commercial crops tested required one or more hand weeding 
operations. Hand weeding is the non-herbicide weed management operation that poses the greatest 
risk to the economic viability of a commercial intensive organic vegetable production operation. 
Benchmarked weeding hours (Table 12) were calculated for onions and carrots planted in 2001/02. 
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Hand weeding was used early in the season for intra-row weeds and later in the season once inter-row 
mechanical weeding had ceased. In this project, local community groups were used to source labour, 
and casual workforces associated with DPIWE and FFT were also utilised.     
 
Hand weeding figures, developed from the trial, reflect the high cost associated with this form of 
weed removal.  Total hand weed estimates per hectare (Table 12) for both onions and carrots were 
based on extrapolation of hours taken to hand weed a specific row length.  During the course of the 
project several methods of hand weeding time estimation were used.  Results obtained from actual 
times taken by community groups were difficult to verify due to the wide range of variables (lack of 
continuity amongst weeders, weeders in teams working at different speeds). Projected efficiencies 
and hand weeding reduction targets are based on increased capabilities of existing mechanical 
weeders and progressively experienced site managers.    The calculated economic costs are based on 
a minimum award wage.  
 
 
Table 12: Benchmarked hand weeding (hrs/ha)3 for organic onion and carrot crops 

Crop  Estimates 
(hours/ha) 

Cost  
($A/ha) 

Projected 
Efficiency 

Cost  
($A/ha) 

Onions 720 9850 250 3420 
Carrots 480 6566 150 2052 

 
 
The most time consuming crop to hand weed was onions when in a commercial planting 
configuration of four sets of paired rows; each of the paired rows was 75 mm apart.  As a result, 
intra-row weed problems were increased necessitating increased manual weeding. This highlighted 
the need to change crop planting configurations if undertaking non-herbicide weed management 
operations. Hand weeding hours were reduced with a change from paired to single rows of onions, 
although there was a yield penalty associated with this.  Hand weeding costs highlights this operation 
as the key challenge to the economic viability of an intensive organic vegetable production system.    
 
The cost impact risks of hand weeding could be highly variable and are subject to existing weed 
pressure at the production site, the success or otherwise of other mechanical weeding operations, 
general soil health and system stability following conversion.  A successfully maintained organic 
production system is likely to experience a steadily reducing weed threat reducing the need for hand 
weeding. 
 
Mechanised hand weeding: During 2001/02, a Drangen® hand-weeding platform was purchased and 
preliminary field tests conducted.  The platform is a petrol engine powered vehicle with narrow 
rubber tracks.  The tracks can be adjusted to span crop rows or beds.  The machine can carry several 
workers lying face down on benches mounted on the frame.  Each worker is able to use both hands to 
do jobs such as rapid and efficient hand weeding (Bishop, 2002).   

 
This project demonstrated that non-herbicide weed management protocols could be successfully 
implemented in carrot, onion and broad bean crops. Appropriately timed flame weeding was essential 
to successful weed management in the crops discussed. The timing of brush weeding operations and 
increased skill in use of this technique presents a viable replacement for post-emergent herbicides in 
carrot, onion and broad bean crops.  Hand weeding was necessary for the onion and carrot crops and 
this is likely to pose the greatest threat to the economic viability of commercial production.  Hand 
weeding efficiencies are enhanced through the use of mechanical aids such as the Drangen® weeding 
platform but system development needs to minimise or eliminate the need for hand weeding.  
Comparative economic analysis of the listed weed management protocols with conventional 

                                                      
3 Estimates calculated at a minimum award wage of $A13.68/hour. 
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herbicide based weed management systems is also required and would be best obtained through 
replicated studies. 
 
Weed survey: A weed survey of the six established cropping units identified some of the major weed 
species present.  Results for onions, carrots and broad beans are reported in Table 13 with all other 
survey data listed in Appendix E.  This data was collected to assist in unit selection for future 
planting and as a benchmark to assess long-term impact of non-herbicide weed management on weed 
population and species spectrum (Bishop et al, 2002).  The highest number of weed species was 
found in the onion crop with the lowest number in the broad beans.   Weed management in the 
canopy forming crops, such as broad beans and carrots was much less demanding than crops that did 
not form a canopy, such as onions.  This was attributed to the shading out of subsequent weed growth 
later in the season and is believed to have resulted in higher weed populations in non-canopy forming 
crops such as onions and shallots. 
 
 
Table 13: Indication of weed species number and examples of major weeds in organic farming units 
sown to onions, carrots and broad beans. 
Crop No. Weed 

Species 
Major weeds 

Onions 22 Amaranthus powellii S.Watson, Chenopodium album L., 
Trifolium repens L., Capsella bursa-pastoris L. 

Carrots 7 A. powellii, Raphanus raphanistrum L, Brassica rapa L., 
C. bursa-pastoris 

Broad beans 6 R.raphanistrum, Sonchus oleraceus L. 
 
 
Soil samples from each unit were also collected and weed seeds extracted (Appendix F).  The weed 
seed extraction was conducted to assess the appropriateness of the method for weed forecasting in 
organic systems.  The soil samples indicated a wide range of weed seeds, some of which were not 
represented in the field survey. The extraction and identification process had the benefit in that the 
results were unaffected by seasonality. The method, however, could not discriminate between viable 
and non-viable seed thus questioning the validity of this form of assessment without mechanisms to 
measure viability.   
 
Weeds were a major challenge at the organic trial site.  While some organic systems recognise weeds 
as habitat and food source for beneficial insects, the relationships are complex and this project 
adopted a no flowering weed policy as a measure to prevent weed seed set. 
  
3.5 Disease Management 
 
Evidence of disease was detected in a number of crops grown at the organic trial site (Table 14). 
Whilst crop diseases occurred at the site, they were not considered a major management issue.  
Copper and sulphur applications were used as the only form of fungicide at the site.  The mixture is 
preventative and requires regular applications.  The effectiveness of the fungicide treatments was 
generally good.  In all disease incidences, symptoms appeared late in the crop. No fungicides were 
applied in the final year of the trial and disease incidence in the crops (carrots, onions and shallots) 
was low.  This was particularly noticeable in onions with surrounding conventionally managed onion 
crops suffering significant mildew infections.  This disease was not observed on the organically 
cropped onions.  One potential explanation for this was some physiological resistance to mildew as a 
result of toughened plants growing on soils low in nitrogen.  Increased airflow as a result of single 
row spacings may have been another contributing factor. Though in these instances copper and 
sulphur were not used, it is considered that disease management in the absence of copper and sulphur 
would be difficult without suitable replacements. 
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Table 14: Crop diseases that occurred during the organic trial 
Disease Crops affected Symptoms Treatment Efficacy 
Chocolate spot 
(Botrytis 
fabae) 

Broad Beans  Brown lesions 
on leaves, 
severe in lower 
part of crop 
 

Sulphur / 
Codacide® 

Good 

Rust 
(Uromyces 
vicia-fabae)  

Broad beans Small reddish 
brown pustules 
on leaves and 
some pods 

Copper/Sulphur 
 

Nil 
(inconsistency of 
application) 

Rust 
(Uromyces 
vicia-fabae)   

Broad beans Small reddish 
brown pustules 
on leaves and 
some pods 

Copper/Sulphur Good 

Mildew  
(Oidum sp.) 
 

Snow peas  Visible white 
powdery spots, 
lower crop 
only small 
section of crop 
affected 

Sulphur / 
Codacide 

Good 

Mildew 
 
 

Shallots Small spots on 
leaves 
developing 
grey fungal 
growth 
(Minor number 
of plants 
affected) 
 

Sulphur / 
Codacide 

Poor 

 
 
Options for disease management: There are a number of organic products and preventative 
techniques promoted for organic disease management, although research investigating both the 
mechanisms for protection and the reliability of specific products/product types is scarce. An 
investigation into alternative disease management tools has regarded beneficial fungi and bacteria, 
vegetable oils and proteinaceous sprays as potential options with some product types and cultural 
practices appearing promising (Pittaway, 2003). The current research move within agriculture 
towards developing data intensive pest forecasting systems will be highly applicable to organic 
producers.  Such systems could link closely with protective measures such as proteinaceous spray 
applications (eg whey, milk-based) to ensure appropriate timing and efficient application.  However, 
in the same way that a healthy stabilised system reduces the impact of weeds, appropriate 
management for healthy soils and healthy crops should reduce disease pressures as healthy crops 
present less opportunity for disease infection. 
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3.6 Insect Pest Management 
 
Insect pests, like disease, were overall not considered a major problem at the organic trial site. 
However, they were detected in several crops (Table 15) at levels high enough to cause economic 
damage.  
 
 
Table 15: Insect pests that were detected on crops during the project period 
Pest Pest 

(common) 
Crops Affected Treatment Effectiveness 

Thrip tabaci Onion Thrip Shallots Garlic/pyrethrum Nil 
Heliothis 
punctigera 

Heliothis Broad beans Nil – late onset - 

Agrotis infusa 
Agrostis 
munga  

Cutworm Carrot   Good 

Thrip tabaci Onion Thrip Onions/Shallots Pyrethrum Partial 
 
 
Whilst garlic was ineffective against thrips, the natural pyrethrum extracts were partially successful.  
In the early years of the trial, a garlic spray and a sample of unstabilised pyrethrum, obtained from 
Botanical Resources Australia and applied under permit, were tested.  The ‘knockdown’ effect was 
negligible.  This was most likely due to the poor efficacy of the products, but results for the 
pyrethrum may have been compromised by the UV instability of the product.  
 
In 2001-2002, a new organically certified pyrethrum product was sourced.  Although the product was 
more efficacious, it still only provided partial control of thrips. Plant turgidity and frequent irrigation 
in combination with pyrethrum was used as the overall strategy for thrip management. Whilst thrips 
were visible in the crop and thrip damage was evident on leaf shafts (white streaking), thrips did not 
contaminate the harvested product.  
 
Another frequent pest at the site was cutworm (Agrostis infusa, Agrostis munga).  Cutworm grubs in 
the soil caused some damage by chewing through emerging and developing seedlings at the soil line.  
Cutworm damage was observed, particularly in onion and carrot crops.  Successful management of 
cutworm was achieved via brush weeding.  Inspection of the soil after brush weeding indicated that 
the technique caused physical destruction of grubs that lived in the soil surface.  Cutworm damage 
reduced noticeably following brush weeding applications.   Once the effectiveness of brush weeding 
on cutworm was observed the technique was employed for dual-purpose pest control (weed and 
cutworm). 
 
Broad beans at the site were affected by heliothis, with grubs causing tunnelling damage to the pods.  
No control methods were applied for the heliothis, but hand harvesters of the crop avoided harvest of 
damaged pods.   
 
3.7 Genetically Modified (GM) Organism Issues  
 
Although brassica crops did not constitute major or test crops at the site, the occurrence of brassica 
weeds (wild radish, wild turnip, shepherds purse) and the presence of an old GM canola test site 
within 10 kilometres resulted in the NASAA inspector’s recommendation for testing of the brassica 
weeds occurring on site for GM contamination.  This testing was undertaken using samples of 
brassica weeds taken across the site; no brassica crops were being produced so it did not apply to the 
crops.  Subsequent test results indicated no contamination.  This wasn’t unexpected as the likelihood 
of contamination in this situation was negligible.  However, it does highlight the need to consider 
GM contamination testing of relevant crops or other plants on an organic site if GM cropping sites 
are located within the region.  A moratorium on GM crops in Tasmania until 2008 means this is 
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unlikely to be an issue in the medium term within Tasmania, but may need to be considered in the 
long-term. 
 
3.8 Economics 
 
Outputs from the major organic crops were compared to average conventional outputs (Table 16).  
 
 
Table 16: Saleable yield, cost and premium comparison between organic and conventional produce 
Crop               Saleable tonnes/ ha     Variance – Organic vs. Conventional 
 Organic Conventional Cost premium per 

saleable tonne4 
FOB Price 

premium per 
saleable tonne5 

Carrots 59.2 59.2 + $ 404 +$ 430 
Onions 42 56 + $ 323 +$ 815 
Shallots 21.9 29.2 + $ 197 + $ 1027 

 
 
The market price premiums achieved for each crop exceeded the additional cost of production 
indicating that the application of organic systems can produce positive financial results when 
compared against conventional production.  The higher costs of organic production (Table 17, 
Appendices G and H) were largely attributed to expenses associated with weed management, 
particularly hand weeding.  Decreasing manual labour cost variables are the primary key to increased 
profitability of organic production of vegetables. The project team believe that further protocol 
development and exploration/adoption of alternative weed management strategies and technologies 
could enable a reduction in hand weeding by as much as 75% thereby significantly reducing the costs 
associated with organic vegetable production. 
    
 
Table 17: A comparison of variable cost group estimates for conventional and organic production of 
onions and carrots based on project data (expressed as $/ha) 

Cost group Conv. Onions 
($/ha) 

Organic Onions 
($/ha) 

Conv. Carrots 
($/ha) 

Organic Carrots 
($/ha) 

Materials 1302 1297 863 88** 
Manual Labour 55 10096 (4487)* 228 7025 (2100)* 
Contract 
Operations 

0 498 0 332 

Tractor & Plant 134 174 211 257 
Irrigation 307 307 298 298 

*  Figure in brackets is based on the project teams estimate of a 75% efficiency increase in handweeding 
requirements. 

** Low material cost based on no requirement for organic fertiliser in carrot crops in 1999-2000. 
 
 
Price Premiums: The ability to achieve market premiums for organic produce is influenced by a 
range of factors - supply and demand, quality, market segment being targeted, product, etc.  
However, it is considered that a well structured marketing program, targeting specialist distributors 
and retailers with high quality product should be able to achieve premiums.  Due to the relatively 
small size of the Australian organic market, consideration needs be given to selection of crops that 
                                                      
4 Cost premium per saleable tonne is the additional amount of money needed to produce each tonne of the 
vegetable organically compared to its conventional equivalent based on trial results. 
5 FOB (Free on Board) price premium per saleable tonne of produce is the additional amount of money 
received for the produce because it was certified organic produce, when compared to conventionally produced 
vegetables. 
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have a ready demand in the market window being targeted.  The fact that produce is organic does not 
in itself provide a guarantee that price premiums will be achieved and in some cases it could be 
experienced that price premiums were not achievable for the total crop due to production exceeding 
demand.  In this case, surplus product may only attract conventional pricing.  It is also possible that 
existing premiums may not be sustainable as production increases, and in the case of fresh produce, 
the level of existing premiums may be considered a factor that is limiting the opportunity to grow the 
category.   The ability to target the export market is also considered to be a key factor in maintaining 
price premiums, as this will reduce pressure on the small Australian domestic market.   The level of 
price premiums required is directly relative to the production cost premiums and any deterioration in 
price premiums will need to be offset by improvement in production efficiencies. 
 
Industry expansion: Expansion of the industry is considered a critical factor in the development of a 
sustainable organic vegetable industry.   Whilst it could be proposed that an expansion of the industry 
is likely to result in a reduction in prices and an erosion of margins, it can also be proposed that the 
development of critical mass is an important factor in developing market opportunities.    The 
building of critical mass should result in an improvement in production efficiencies, improved risk 
management practices, increased competition and an opportunity to build and transfer the knowledge 
base.   Of critical importance is the recognition that limited and inconsistent product supply can be 
detrimental to developing new customer loyalty and an expansion of the category range. 
 
Commercial gain: The extension of a company’s product range by incorporating organic products 
may provide commercial benefits that are not directly identified by traditional financial measurement 
tools.   A true analysis of factors such as impact on reputation, ability to maintain a market/client by 
offering an enhanced range, efficiency improvements in conventional production resulting from 
organic skills transfer, impact on cropping sustainability, market perception and business image may 
produce benefits that offset or exceed traditional profit measures. 
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4. Concluding Comments  
 
4.1 Evaluation of the Project 
 
Production protocols for a range of vegetable crops were progressively developed and assembled 
over the study period.  Case studies to test and evaluate on a commercial scale the production 
protocols, cost, net yields, market premiums and cost effectiveness of intensive organic vegetable 
production were documented for five primary vegetable crops.  In addition, the collection of data and 
information to assist conventional vegetable growers in their decision-making processes about the 
viability or otherwise of ‘going organic’ was successful.  The project originally intended to deliver on 
training in relation to organic production and though this hasn’t been formally delivered, the 
communication strategy, successful field days and a series of publications have been produced that 
have provided training materials and technical transfer opportunities for growers. 
 
In addition to the primary objectives, the project has been able to make preliminary economic 
comparisons between organic and conventional production for two primary vegetable crops such as 
carrots and onions.   
 
Total yields from the crops grown organically in this project generally averaged lower than the 
conventional industry average.  However, pack out percentages for organic carrot and onion crops 
were higher than the conventional industry averages with a greater proportion of the total yield 
meeting the standards of Class I product indicating the potential for producing high quality vegetable 
produce.   
 
The three principal agronomic challenges identified by this project are: 
 
Weed Management: Weeds proved to be the greatest pest management issue associated with intensive 
organic vegetable production and were a significant factor in the final production costs.  This was due 
primarily to a site with high weed seed banks in the soil, crop planting arrangements based on 
conventional systems and difficulties in optimising the timing of specific weed management 
operations. This project indicated the major challenge to improve the economic viability of intensive 
organic vegetable production was to decrease the level of hand weeding.   
 
The project team are confident that hand weeding inputs can be reduced by at least 75%.  However, 
to do this, further work should focus on adopting improved mechanical weeders with consideration 
given to different planting arrangements to maximise yield while complementing the mechanical 
weeding systems.  Improved ease of equipment availability would enhance timing operations. 
 
Soil Health and Nutrition: Soil structural damage was noted at the site, attributed to increased use of 
mechanical equipment on site and heavy vehicle use at harvest. In addition, despite legume rotations, 
available nitrogen decreased rapidly over the trial period presenting major challenges to ensuring 
sufficient levels of nitrogen are made available to future crops.  Improvements in soil organic carbon 
were identified as essential, while pH levels were considered satisfactory. 
 
Land management techniques such as reduced tillage and perhaps controlled traffic will need to be 
considered at the site in order to maintain soil structure, encourage soil microbial activity and sustain 
crop health.  The use of cover crops should be increased to enhance soil organic matter levels. Long-
term monitoring at the site is being suggested to measure changes in soil health in subsequent years. 
Long term monitoring will quantify soil health differences between organic and conventional 
vegetable production and assist in making the optimum crop/soil management decisions. It is likely 
that soil nitrogen levels can be addressed via extended rotations and inclusion of legume crops.  
However, this may reduce the potential for intensive organic vegetable production and carry with it 
an immediate financial penalty.  
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Skills: The approach to crop management for this project has been based on conventional cropping 
practices.  However, the project has shown that an organic producer needs to be highly skilled with 
additional and/or different skill sets to conventional farmers.  Increased understanding of agricultural 
production as a system and the interaction and biology of its components are essential particularly 
when it comes to the timing of management operations.  Failure to understand and act on operational 
timing is almost certain to lead to commercial failure in intensive organic vegetable production.   
 
The operation of equipment such as flame weeders and brush weeders, and an understanding and 
knowledge of acceptable and unacceptable inputs, is mandatory.  The project team believe that many 
conventional farmers that may decide to convert would need additional training and support 
particularly through the conversion period.  Such support is likely to enhance the success rate of the 
operation post-conversion.  
 
4.2 Future Directions 
 
Over the four-year period of the project, the organic industry in Tasmania has continued to grow, 
though it still remains small compared to the conventional industry.  There are no identifiable shifts 
in current intensive commercial vegetable growers converting to organic production, though 
conventional farmer attitudes towards organic production seem to have softened with a greater 
interest in the potential for at least partial farm conversions or the adoption of some of the organic 
management techniques as part of their conventional systems. 
 
Although the amount of intensive organic vegetable production is still limited in the State, substantial 
investments in other organic operations are occurring.  The Tasmanian community has incorporated 
organic industry development in its 25-year State strategy, Tasmania Together (Tasmania Together, 
2001), and the Tasmanian Minister for Primary Industries Water and Environment has established a 
Ministerial Organic Advisory Group with representatives of the organic industry to advise on future 
industry development. 
 
The project findings identify the likely areas of concern conventional farmers wishing to convert 
their operations to certified production systems would encounter.  Given the management difficulties 
encountered at the site due to high weed seed banks in the soil, the success of conversion would be 
enhanced if a three-year management period preceded the conversion period.  During this time, weed 
burdens could be reduced through conventional techniques lowering soil weed seed banks.  At the 
point of entering into the three-year conversion period, weed management would be easier to 
implement resulting in lower weed management inputs that would enhance the economic viability of 
the operation.  This lead in period could also enable the farmer to enhance his/her skill base with 
respect to organic management practices rather than developing these through the conversion period 
and risk breaching certification requirements.  The project team also suggests partial farm 
conversions as a viable step towards whole of farm conversion or even as maintained partial 
conversions. This would reduce economic risk through the critical conversion period where 
production costs and economic risk may be greater compared to conventional production. 
 
In addition to addressing the identified production issues, the cropping intensity of such a system 
needs to be reduced with increased leguminous leys in the cropping rotation in addition to variations 
in planting arrangements.  The management issues identified within this project are likely to decrease 
in importance as the intensive organic production system becomes fully operational.  
 
Specific recommendations for future work and to assist in addressing the issues identified in this 
project are: 
 
Research and Development (R&D): Regional R&D focussing on improved mechanical weed 
management is recommended; much of this would relate to adoption and adaptation of equipment 
and systems used elsewhere in the world.  Scope also exists for systems research into weed 
interactions with crops and the potential for detaining weed economic thresholds.  Although 
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reduction in intensity of production would assist in building soil health and nutrition, a research focus 
on maintaining and building soil health and nutrition under intense production pressures could help in 
determining the optimal level of cropping intensity.  This would be one that maximises the economic 
viability of the system whilst minimising impact of intensity on the system’s soil. 
 
Organic Learning Centre: The identified issue of skill shortage could be addressed through the 
establishment of an organic learning and demonstration centre.  This facility could integrate 
education and training with research and industry development. As a Centre of Excellence in 
sustainable farming, the learning centre could also be a focus for agri-tourism assisting in on-going 
technology transfer for organic production.  An established facility could also provide the basis of 
long term monitoring sites for comparative organic/conventional soil and cropping system health 
 
Economic analysis: The economics of organic production are complex when compared to 
conventional production.  Preliminary indications in this project indicate increased production costs 
that are at least partially offset by a premium price for the crop.  Though indications of premium 
prices in excess of 20% are evident, premiums are likely to be extremely variable into the future.  
Specific regional economic studies of the costs of organic production are recommended. 
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Appendix A:  Site Map and History 
 
The site was of close proximity to both the DPIWE research farm, where equipment and other 
resources were based, and to the FFT depot making it a convenient and serviceable location for the 
trial. At time of acquisition the Kings Lane site was in full production; partially under walnut trees, 
and the remainder was being intensively cropped (poppies and barley). 
 
 

 
Map: Shaded area in centre indicates Property ID 7757719 Rural Address: 77 Kings Lane Road, 
Forth 7315, the location of organic farmlet. 
 
 
 

Year Paddock 1 Paddock 2 Paddock 3 Paddock 4 

1997/98 

Status 

Barley 

Conventional 

Barley 

Conventional 

Walnuts 

Conventional 

Poppies 

Conventional 

1998/99 

Status 

Poppies 

Conventional 

            Poppies 

Conventional 

Walnuts 

Conventional 

Fallow 

Conventional 

Year Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

1999/00 

Status 

Carrots 

Pre-conversion 

Broccoli 

Pre-conversion 

Carrots 

Pre-conversion 

Pasture 

Pre-conversion 

Pasture 

Pre-conversion 

Pasture 

Pre-conversion 

2000/01 

Status 

Oats 

Conversion 

Lupins/beans 

Conversion 

Oats 

Conversion 
Oats 

Conversion 

Oats 

Conversion 

Oats 

Conversion 

2001/02 

Status 

Oats 

Organic 

from 10/10/01 

Onions 

Organic 

from 10/10/01 

Snow Peas 

Organic 

from 10/10/01 

Carrots 

Organic 

from 5/2/02 

Shallots 

Organic 

from 5/5/02 

B beans 

Organic 

from 30/9/01 

2002/03 

Status 

Resting 

Organic 

Carrots 

Organic 

Onions 

Organic 

Onion/Shallot 

Organic 

Resting 

Organic 

Onions 

Organic 



 
 

  34 

Appendix B: New Zealand Study Tour  
 
Travel Report Organic Farming Tour of New Zealand 17-24 March 2001 
Julia French Agricultural Officer Report Number: Veg/01/04 
 
The study tour to New Zealand assisted in gaining first hand exposure to organic systems and 
information gathering.  New Zealand was identified as best able to provide organic production 
information for similar crop-pest-environment-industry characteristics to Tasmania.  
 
Selection of Recommendations  
 
• Growers can set hand weeding pace by employing weeders on contract or use of lie down bed 

weeders.  
• Identify literature on market opportunities for processed organic food market in Japan. 
• Facilitation and assistance of growers during the conversion phase may assist in industry 

establishment. 
• Establish the current status of natural chemical weed control options with certifying bodies 

ie.pine oil. 
• Evaluate the benefit of strip grazing of weeds by sheep once carrots have emerged. 
• Evaluate under-sowing beans with grass for early weed free pasture establishment.   
• Identify cheaper alternate frames for hand weeders to lie on while weeding. 
• Identify the cost/benefits and flexibility of homemade weed flamers compared with purchased.   
• Undertake literature review of steam sterilisation to reduce the weed seed burden.  
• Undertake literature review of UV weeders for control of flat weeds in onions.   
• Note the possibility of trying basket weeders with tynes following for inclusion on the weeding 

tool bar.   
• Identify the factors to specify timing of mechanical and other weeding operations critical to 

successful weed control.   
• Evaluate the yield loss with post crop emergence flaming for carrots (5cm). 
• Locate literature to support the concept of stale seed bed sequence parameters crucial to crop 

success.  
• Trial control of onion thrips using natural pyrethrum, garlic, fish oil, by managing plant turgidity 

and watering.   
• Trial sulphur, baking soda, fish, seaweed and milk powder for control of Downey mildew.   
• Obtain quotes on the cost of pelleting fertilisers for ease of drilling.   
• Identify in field quality controls important for organic processing lines to avoid seconds. 
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Appendix C: Media Summary 
 
Date Story Medium Details Target Audience 
Mar 1999 Organic Vegetables Fact or Fiction Magazine Vegie Link Vegetable 

Producers 
Aug 2000 NZ Organics Bonanza Newspaper The Advocate Public 
Aug 2001 Organic and Alternate Farming  

In USA 
Magazine Tas Regions Primary Producers 

Dec 2000 Nippon Beans on Trial Newspaper Tas Country Primary Producers 
Aug 2001 Carrots Cream of Organic Crop Newspaper The Advocate Public 
Aug 2002 Organics Magazine Serve Ag's 

Industry Magazine 
Primary Producers 

June 2001 Organic Vegetable Production 
 In New Zealand 

Magazine Tas Regions Primary Producers 

Aug 2001 Govt testing viability of organic farming Newspaper The Advocate Public 
Aug 2001 Radio interview Radio ABC -7NT Public 
Aug 2001 Carrots Going Organic Wins Convert Newspaper Tasmanian Country Primary Producers 
Aug 2001 Radio Interview Radio HO FM Public 
Aug 2001 Assessment on Organics Newspaper The Examiner Public 
Aug 2001 Field day to Look at Organic Pest Control Newspaper The Advocate Public 
Aug 2001 Business a Convert to Organic Newspaper The Mercury Public 
Oct 2001 Forth Crop First Step Newspaper Tasmanian Country Primary Producers 
Oct 2001 Trial Setting Protocols Newspaper The Advocate Public 
Nov 2001 TV Interview Television ABC News Public 
Dec 2001 Weeds Brush With Death Newspaper Tasmanian Country Primary Producers 
Dec 2001 Testing the Waters of 'Going Organic' 

 - A Joint Effort 
Magazine Tas Regions Primary Producers 

Dec 2001 Brushing the Weeds Away Magazine Tas Regions Primary Producers 
Dec 2001 Field day covered 27 Crops Newspaper The Advocate Public 
Jan 2002 New Strategies Needed for Organics  Newspaper Tasmanian Country Public 
Feb 2002 Forth farm certified organic Newspaper The Advocate Public 
Feb 2002 Certified Organic Newspaper Tasmanian Country Primary Producers 
Mar 2002 The Drangen is here… Magazine Tas Regions Primary Producers 
Mar 2002 Five Crops tested at Forth Organic Farm Newspaper The Advocate Public 
Mar 2002 Full Organic a First Newspaper Tasmanian Country Primary Producers 
Mar 2002 Phill's Technical Expertise Magazine Tas Regions Primary Producers 
Apr 2002 Organic Shallot Crop Harvested Newspaper The Advocate Public 
May 2002 Pilot Flying High Newspaper Tasmanian Country Primary Producers 
June 2002 2001/02 A Very Good Season for  

Organic Vegetable Production Assessment 
Magazine Tas Regions Primary Producers 

Sept 2002 Going organic Paper Aust. Weeds conf. Industry 
Nov 2002 Television Interview Television ABC News  
Nov 2002 New Asian Markets Newspaper The Advocate Public 
Dec 2002 Organic Vegetables Call for a Rethink Newspaper The Advocate Public 
Dec 2002 The Business Behind Organics Magazine Tas Regions Primary Producers 
Dec 2002 What’s Happening in Organic 

 Vegetable Production 
Magazine Tas Regions Primary Producers 

Apr 2003 Organics Report Out Soon Newspaper  Public 
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Appendix D: Soil Analysis Results 
 
Soil nutrient observations 
 

  Nitrate Nitrogen  Phosphorous   Available Potassium 
  (NO3)  mg/kg  Colwell mg/kg   mg/kg   
  2001 2002 2003  1999 2001 200

2 
2003  1999 2001 200

2 
2003 

Unit 1  11 3.4 4.3  163 200 175 160  360 410 480 440 
Unit 2  8.3 1.4 3.1  163 190 155 140  360 370 300 320 
Unit 3  1 3.1 4.3  163 200 180 170  360 370 390 370 
Unit 4  14 4.8 4.7  163 170 155 140  360 470 400 340 
Unit 5  13 3 4.6  163 165 145 130  360 470 260 380 
Unit 6  5.1 3.7 4.3  163 190 160 140  360 530 330 400 
Conventional              

               
               
               
 Sulphur mg/kg KCl  pH -Water    Organic Carbon % 
               
 1999 2001 2002 2003  1999 2001 2002 2003  1999 2001 2002 2003 

Unit 1 7 18 3.4 3.9  6.15 6.4 6.7 6.5  2.80 3 2.8 2.7 
Unit 2 7 14 8.3 4.6  6.15 6.6 6.6 6.5  2.80 2.6 2.5 2.5 
Unit 3 7 12 18 4.6  6.15 6.5 6.5 6.7  2.80 2.7 2.9 2.9 
Unit 4 7 12 5 4.7  6.15 6.5 6.7 6.6  2.80 3 3.4 3 
Unit 5 7 29 21 7.9  6.15 6.1 6.2 6.3  2.80 3.1 3.2 3.1 
Unit 6 7 12 11 7.3  6.15 6.8 6.6 6.6  2.80 3.3 3.2 2.9 
 
 
Average of nutrient observation across organic farmlet  
 

 NO3 P-Colwell K S OC % pH -Water 
1999  162.5 360.0 6.8 2.8 6.2 
2001 8.7 185.8 436.7 16.2 3.0 6.5 
2002 3.0 162.0 360.0 11.0 3.0 6.6 
2003 4.2 146.7 375.0 5.5 2.9 6.5 
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Appendix E: Trial Site Weed Survey 
 
WEED SURVEY RIRDC ORGANIC SITE     1= Heavy 

(NASAA PRODUCER 7075)  Date  2= Moderate 

Surveyor:   25th January 2002  3= Light 

Andrew Bishop      
 

Unit Crop Weed (Common) Weed (Botanical) Level Comment 
One Oats Scotch thistle Cirsium vulgare 3  

  Sow thistle Sonchus oleraceus 3  
  White clover Trifolium repens 1  
  Cats ear Hypochoeris radicata 2  
  Red clover Trifolium pratense 3  
  Curled dock Rumex crispus 2  
  Perennial ryegrass Lolium perenne 3  
  Wild radish Raphanus 

raphanistrum 
3  

Two Onions Prickly sowthistle Sonchus asper 3  
  Broadleaved dock Rumex obtusifolius 2  
  Powells amaranth Amaranthus powellii 1  
  Redroot amaranth Amaranthus 

retroflexus 
1  

  Fat hen Chenopodium album 1  
  Shepherds purse Capsella bursa-

pastoris 
1  

  blackberry nightshade Solanum nigrum 3  
  Wild turnip Brassica rapa 2  
  Oil poppy Papaver somniferum 3  
  Green nightshade Solanum 

nitidibaccatum 
3  

  Oats Avena sativa 3 in erosion drain 
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Unit Crop Weed (Common) Weed (Botanical) Level Comment 
  Fumitory Fumaria muralis 2  
  Sow thistle Sonchus oleraceus 2  
  Wintergrass Poa annua 3  
  Yellow suckling 

clover 
Trifolium dubium 3  

  Stinging nettle Urtica urens 3  
  Curled dock Rumex crispus 3  
  Indian hedge mustard Sisymbrium orientale 2  
  Potato volunteers Solanum tuberosum 3 one row 
  Long head poppy Papaver dubium 3  
  Australian carrot Daucus glochidiatus 3  
  Crested dogs tail Cynosurus cristatus 3  

Three Snow Peas (1st planting-north) Wild radish Raphanus 
raphanistrum 

3  

  Fat hen Chenopodium album 2  
  Broad leaved dock Rumex obtusifolius 3  
  Fumitory Fumaria muralis 2  
  Blackberry 

nightshade 
Solanum nigrum 3  

  Sow thistle Sonchus oleraceus 3  
 Snow Peas (2nd planting-south) Shepherd's purse Capsella bursa-

pastoris 
1 white fungus noted on many plants 

  Fat hen Chenopodium album 1  
  Blackberry 

nightshade 
Solanum nigrum 2  

  Sow thistle Sonchus oleraceus 3  
  Filed bindweed Convolvulus 3  
  Redroot amarnth Amaranthus 

retroflexus 
3  

  Pink weed Erodium 2  
  Subclover Trifolium 

subteranneam 
3  

  White clover Trifolium repens 3  
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Unit Crop Weed (Common) Weed (Botanical) Level Comment 
  Broad leaf dock Rumex obtusifolius 2  
  Wild radish Raphanus 

raphanistrum 
2  

  Rye grass Lolium perenne 3  
  Oil poppy Papaver somniferum 3  

Four Carrots Powell's amaranth Amaranthus powellii 1  
  Henbit Lamium amplexicaule 3  
  Fat hen Chenopodium album 2  
  Wild radish Raphanus 

raphanistrum 
1  

  Wild turnip Brassica rapa 1  
  Californian thistle Cirsium arvense 3  
  Shepherd's Purse Capsella bursa-

pastoris 
1  

Five Shallots Twitch Elymus repens 3  
  Fat hen Chenopodium album 3  
  Powell's amaranth Amaranthus powellii 3  
  Shepherd's purse Capsella bursa-

pastoris 
3  

  Prickly sowthistle Sonchus asper 3  
  Fumitory Fumaria muralis 3  

Six Broad Beans (Sora Mame) Wild radish Raphanus 
raphanistrum 

3  

  White Clover Trifolium repens 3  
  Sow thistle Sonchus oleraceus 3  
  Broad leaved dock Rumex obtusifolius 3  
  Perennial ryegrass Lolium perenne 3  
  Red clover Trifolium pratense 3  

App      
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Appendix F: Weed Seed Sample Method 
 
Extraction of Weed Seeds from Soil 
 
Sampling Method: 
Soil was taken from a depth of 0-10cm. While this results in quite a large volume of soil, this depth 
was chosen because the first 5 cm of soil are considered to have a very variable seed content, so 
samples over this depth may not accurately represent the seed bank density. 
 
Many small samples give a more reliable estimation of density than a few large samples, hence 
20 augers of soil (8 cm diam) were taken from each area of interest. 
 
All soil was then air dried before processing. 
 
Extraction method: 
Flotation method was used. Germination was considered too slow to fulfil the objective of being 
a rapid extraction method. 
 
Flotation – Potassium Carbonate: 
The flotation mixture consisted of distilled K2CO3 and water in a 1:2 ratio. For a 50 g soil sample, 
a 100ml volume of solution was used. 
 
The organic matter floated in this solution quite rapidly. Samples were left to settle for 20 minutes, 
then the organic matter was decanted off. 
 
The solution mixture was saved and returned to the sample and the flotation process repeated. 
 
 
The time taken to sort the seeds was reduced in this case to only 20 minutes per sample. This is partly 
due to the fact that the initial soil sample was smaller and also because the organic matter obtained 
had fewer small soil particles adhering to it thus making it much easier to find the seeds. 
 
Seeds were sent to the Mt Pleasant government laboratories at Launceston for species identification. 
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Appendix G: Variable Costs of Vegetable Production  
 
(Chemical farming versus organic methods):  
 
 

 
*May be associated with both organic and chemical farming techniques 

Materials:
Seed kg/ha @ $ price /kg
Organic certified seed kg/ha @ $ price /kg
Fertiliser:
4:6:7 1.3 t/ha @ $338.00 /tonne
14:16:11 band placed at planting 625 kg/ha @ $546.00 /tonne
Lime Super - topdressed 125 kg/ha @ $220.00 /tonne
Nitram - topdressed 2 dressings 125 kg/ha @ $571.50 /tonne
*Lime - bulk, spread t/ha @ $35.00 /tonne
Organic fertiliser (COF) 1 t/ha @ $1,000.00 /tonne
Weed Control:
bentozone spray 2 l/ha @ $36.25 /kg
diquat 1 spray 1.5 l/ha @ $20.75 /litre
ethofumesate 1 spray 2.5 l/ha @ $100.00 /litre
ioxynil 1 spray 0.5 l/ha @ $41.00 /litre
linuron sprays 0.5-1.5 kg/ha @ $35.50 /kg
paraquat 1 spray 1.5 l/ha @ $17.40 /litre
propachlor 1 spray 9 l/ha @ $13.16 /litre
prometryme sprays 1.0 kg/ha @ $16.70 /kg
Flame weeding (contract) /ha @ $166.00 /ha
Pest Control:
pyrethrin sprays l/ha @ $165.00 /litre
chlorpyriphos sprays 0.7 l/ha @ $19.90 /litre
dimethoate spray 0.8 l/ha @ $9.75 /litre
pirimicarb spray 0.5 kg/ha @ $56.00 /kg
Disease Control:
chlorothalonil spray 2.0 l/ha @ $26.90 /litre
mancozeb 800w sprays 2-2.5 l/ha @ $7.60 /kg
metalaxyl/mancozeb 2 sprays 2.5 l/ha @ $37.00 /litre

Labour:
handweeding hrs/ha @ $13.68 /hr
brushweeding 2 personel 9.0 hrs/ha @ $13.68 /hr
chemical spray application hrs/ha @ $13.68 /hr

Tractor and Plant:
Weed control sprays hr/ha @ $3.53 /hr
brushweeding hrs/ha @ $6.55 /hr
*Disease control 0 spray hr/ha @ $3.53 /hr
*Insect Pest Control 0 spray hr/ha @ $3.53 /hr
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Appendix H: Detailed comparative cost data for Onions and Carrots 

ONIONS
conventional organic

VARIABLE COSTS ($/ha) ($/ha)
A variety of contracts exists within the industry. Processors may supply all 
or part of seed, fertiliser, sowing, lifting, harvest and cartage.
The price received is adjusted according to the Contract arrangements.

Materials:
Seed (Seed is included in price received) 0 0
Fertiliser

14:16:11 band placed at planting 625 kg/ha @ $546 /tonne 341
Lime Super - topdressed 125 kg/ha @ $220 /tonne 28
Nitram - topdressed 2 dressings 125 kg/ha @ $572 /tonne 143
Lime - bulk, spread 33% debit 2 t/ha @ $35.00 /tonne 23
Organic Fertiliser (COF) 1000 kg/ha @ $1,000.00 /tonne 1000

Weed Control

propachlor* 1 spray 9 l/ha @ $13.16 /litre 118
diquat** 1 spray 1.5 l/ha @ $20.75 /litre 31
paraquat** 1 spray 1.5 l/ha @ $17.40 /litre 26
ethofumesate 1 spray 2.5 l/ha @ $100.00 /litre 250
linuron*** 1 spray 0.5 l/ha @ $35.50 /litre 18
ioxynil*** 1 spray 0.5 l/ha @ $41.00 /litre 21

Pest Control
pyrethrin 4 sprays 0.45 l/ha @ $165.00 /litre 297
dimethoate* 3 sprays 0.8 l/ha @ $9.75 /litre 23

Disease Control
mancozeb* 5 sprays 2.5 l/ha @ $7.60 /litre 95

metalaxyl/mancozeb** 2 sprays 2.5 l/ha @ $37.00 /litre 185

Labour

Pre-harvest 1 person 4 hr/ha @ $13.68 /hr 55 0

handweeding 180.0 hrs/ha @ ##### /hr 2462

brushweeding 2 units 9.0 hrs/ha @ ##### /hr 246

Tractor and Plant:
# Land Preparation ## 8.0 hr/ha @ $6.55 /hr 52 52
# Topdressing 2 dressings 0.6 hr/ha @ $3.53 /hr 4   .................
# Drain Installation 1 hr/ha @ $6.55 /hr 7   .................
# Weed Control 4 sprays 0.6 hr/ha @ $3.53 /hr 8   .................

Brushweed 9 hr/ha @ $6.55 /hr 0 59
Pest & Disease Control as sprays combined with Weed Control
Repairs, Maintenance & Lubrication on operations 63 63

Contract Operations:
Soil Analysis (Soil Test included in price received) 0   .................
Air Drilling of Seed (Drilling included in price received) 0   .................
Flameweeding 3 @ $166.00 /ha 498

Irrigation:
Running costs 360 mm/ha @ $21.31 /25 mm 307 307

Harvest: Harvesting and cartage are included in price received
Total Variable Costs 1,798 4,985

## Land preparation is assumed to consist of 1 mouldboard ploughing, 1 Agrow ploughing and 2 tyne cultivations. 
# Fuel cost only.
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CARROTS - STANDARD
conventional organic

$/ha $/ha
VARIABLE COSTS

Materials:
Seed 2.5 kg/ha @ $35 /kg 88 88
Organic certified seed kg/ha @ /kg
Lime - bulk, spread 33% debit of 3 t/ha @ $35 /tonne 35
Fertiliser

4:6:7 1.3 tonne/ha@ $338 /tonne 439
- band placed at planting

organic fert
Weed Control

linuron* 2 sprays 1.5 kg/ha @ $35.50 /kg 107
prometryme* 2 sprays 1 kg/ha @ $16.70 /kg 33
linuron** 2 spray 1 kg/ha @ $35.50 /kg 71

Pest Control
pyrethrin

(1 year in 3) chlorpyriphos 2 sprays 0.7 litre/ha @ $19.90 /litre 28
(2 years in 3) dimethoate 1 spray 0.8 litre/ha @ $9.75 /litre 8

Disease Control
chlorothalonil 1 spray 2.0 litre/ha @ $26.90 /litre 54

Labour
handweeding 480.0 hrs/ha @ $13.68 /hr 6566
brushweeding 2 units 9.0 hrs/ha @ $13.68 /hr 246
conventional tractor operations 16.7 hrs/ha @ $13.68 /hr 228
organic tractor operations 15.5 hrs/ha @ $13.68 /hr 212

Tractor and Plant:
Land Preparation*** 11.4 hr/ha @ $6.55 /hr 75 75

# Planting 3.5 hr/ha @ $6.55 /hr 23 23
# Weed control 4 sprays 0.6 hr/ha @ $3.53 /hr 8
# Pest control ## 1.33 sprays 0.6 hr/ha @ $3.53 /hr 3

organic pest control sprays 0.6 hr/ha @ $3.53 /hr 0
brushweeding 9.0 hrs/ha @ $6.55 /hr 59

# Disease control ### 1 spray 0.6 hr/ha @ $3.53 /hr 2
# Repairs, Maintenance & Lubrication on operations 100 100

Contract Operations:
Soil Analysis
Harvesting and cartage
Flameweeding 2 @ $166.00 /ha 332

Irrigation:
Running costs 350 mm/ha @ $21.31 /25 mm 298 298

Total Variable Costs 1,600 7,999

Combined operations
* & ** Land preparation is assumed to consist of 1 Agrow ploughing, 2 rotary hoeings, 2 tyne cultivations and 

*** 1 rolling.
# Fuel cost only.

## Averaged over 3 years.
### Averaged over 3 years.
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