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Foreword
The Ginger Research and Development (R&D) Program invests in projects targeted at the Australian
ginger industry and is part of the Rural Industries Research and Development Corporation (RIRDC)
portfolio that addresses new and emerging plant industries in the rural sector. The Ginger R&D
Program is funded by statutory levies paid by industry participants and which are matched on a dollar
for dollar basis by the Australian Government.
The purpose of the economic analyses of RIRDC investments is to assist with portfolio management.
In that regard, RIRDC conducts impact evaluations of its programs as they near the end of their fiveyear plan. This process not only provides accountability to the RIRDC Board, its levy paying
industries and Government, but also can be used as an input into the development of the next fiveyear plan should program investment be continued.
A second purpose of the RIRDC impact analyses is to contribute to a process being undertaken for the
Council of Rural Research & Development Corporations (CRRDC). This process aims to
demonstrate, through examples, the impacts and benefits that have emerged or are likely to emerge
from the 15 Rural Research and Development Corporations (RDCs) including grower-owned
companies. Valuation of these impacts, along with identification of investment expenditure, is
required to demonstrate the RDCs’ contribution to Australian rural industry as well as environmental
and social impacts to Australia.
The current impact assessment process addresses a population of projects funded from 2012 to 2017
in alignment with the Ginger Research and Development Priorities and Strategies (RIRDC, 2013a)
and the RIRDC Corporate Plan 2012 to 2017 (RIRDC, 2012a). The 17 projects in this population
addressed all three of the Ginger R&D strategic priorities and demonstrated industry impacts, a
number of which are valued in monetary terms in the impact assessment.
Total funding from all sources for all 17 projects totalled $2.92 million (present value terms). Of the
17 projects, the impacts from four of the projects were valued. Funding for the four projects where
impacts were valued totalled $1.17 million (present value terms) and produced aggregate total
expected benefits of $23.35 million (present value terms). This gave an estimated net present value of
$22.2 million, and a benefit-cost ratio of approximately 19.9 to 1. The four projects valued
represented approximately 40% of total funding for the 17 projects in the project population.
When the benefits for the impacts valued ($23.35 million) were compared to the total investment in
all projects in the population ($2.92 million), this lowered the investment criteria. The total
investment in the 17 projects produced an estimated net present value of $20.4 million (present value
terms), and a benefit-cost ratio of 8.0 to 1.
It was concluded, given the assumptions made in valuing the impacts, that the benefit-cost ratio for
the investment in the Ginger R&D Program lies somewhere between 8.0 and 19.9 to 1.
This report is an addition to RIRDC’s diverse range of over 2000 research publications. Most of our
publications are available for viewing, downloading or purchasing online through our website:
•
•

downloads at www.rirdc.gov.au/fullreports/index.html
purchases at www.rirdc.gov.au/eshop

John Harvey
Managing Director
Rural Industries Research and Development Corporation
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Executive Summary
What the report is about
This report presents the results of economic analyses of projects initially funded between 2012 and
2017 within the Rural Industries Research and Development Corporation (RIRDC) Ginger Research
and Development (R&D) Program.
Who is the report targeted at?
The information contained in the report is targeted at Program and RIRDC management, all sectors of
the Australian ginger industry, and the wider Australian community. Other target audiences include
the Australian Government and the Council of Rural Research and Development Corporations
(CRRDC).
Background
RIRDC ensures it can monitor and report the impacts of its research, development and extension
(RD&E) investments. To achieve this, RIRDC has adopted an encompassing evaluation policy that
established the approach by which the Corporation will evaluate its performance against the delivery
of the RIRDC Corporate Plan 2012-17. The evaluation policy is focussed on evaluating RD&E
delivery in a way that is simple, draws on the Corporation’s existing data gathering capabilities and is
cost-effective for the size of the organisation.
Aims/objectives
The primary purpose of this report is to provide input to the RIRDC evaluation policy. Specific
objectives were to ascertain if, and to what extent, benefits have accrued from investment in the
Ginger R&D Program. This will inform RIRDC management regarding Program performance.
Another objective of the economic analyses is to contribute to the process being undertaken by the
CRRDC that aims to demonstrate, through examples, the outcomes and impacts that have emerged or
are likely to emerge from the 15 Rural Research and Development Corporations (RDCs). Valuation of
these impacts, along with identification of investment expenditure, is required to demonstrate the
RDCs’ contributions to Australian rural industry as well as environmental and social benefits to
Australia. The Australian Government is particularly interested in such contributions to be assured
that public funding of RD&E is justified.
Beneficiaries
The beneficiaries of the report will be RIRDC management, the Australian Government, the CRRDC,
and the wider Australian community, including a range of ginger industry sectors and the various
Australian communities associated with ginger.
Methods used
The process used to select investments for this evaluation is in accord with the guidelines1 of the
CRRDC, as well as the evaluation requirements of RIRDC. The process entails the definition of the

1

The current CRRDC Impact Assessment Procedures and Guidelines can be downloaded at
http://www.ruralrdc.com.au/impact-assessment-performance/
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population of projects in the Program, a scanning process to identify projects with significant impact,
and an economic evaluation of the significant benefits compared with not only the costs of those
projects but also the costs of all projects in the population.
RIRDC provided an original list of 19 projects for inclusion in the population. Two projects were
removed from the population after further discussion with RIRDC personnel because the projects
were completed prior to the start of the strategic plan being considered in the present evaluation (1
July 2012). As a result, the 17 projects that remained made up the final evaluation population. The
projects included were those that had been funded between 2012 and 2017 in alignment with the
current RIRDC Corporate Plan (RIRDC, 2012a) and the Ginger Industry R&D Priorities and
Strategies 2012 to 2017 (RIRDC, 2013a). The 17 projects make up the entirety of RIRDC financial
support for research in the Ginger R&D Program over the evaluation period.
Information on each project was assembled from original project proposals, final reports, and any
progress reports or other relevant publications and documentation. Assistance was rendered by
RIRDC Program personnel, project principal investigators, ginger industry personnel and others. The
potential impacts from each investment were identified and described in a triple bottom line context.
Some of the impacts that were considered the most significant were then valued.
The present value of benefits (PVB) and present value of costs (PVC) were used to estimate
investment criteria of net present value (NPV) and benefit-cost ratio (BCR) at a discount rate of 5%.
The PVB and PVC are the sums of the discounted streams of benefits and costs. The internal rate of
return (IRR) was estimated from the annual net cash flows. The modified internal rate of return
(MIRR) was estimated using a re-investment rate of 5%. All dollar costs and benefits were expressed
in 2015/16 dollar terms and discounted to 2015/16. Individual investment criteria were estimated for
0, 5, 10, 15, 20, 25 and 30 years from the year of last research investment in the 17 projects. However,
the 30-year benefit time frame was used in summary performance reporting and in all sensitivity
analyses. Costs for each project included the cash contributions of the Program (including both
RIRDC and industry investment), as well as any other resources contributed by third parties (e.g.
researchers).
Estimates of additional commercialisation and extension costs required to capture the benefits valued
were taken into account. Project and Program management costs also were included in the analysis.
Analyses were undertaken for total benefits that included future expected benefits. A degree of
conservatism was used when finalising assumptions. Sensitivity analyses were undertaken for those
variables where there was greatest uncertainty or for those that were thought to be key drivers of the
investment criteria.
Two analyses were carried out at a Ginger R&D Program level. The first program level analysis refers
to projects where significant impacts were identified and valued. In the first analysis, the present value
of the benefits was compared to the specific investment in the projects (a total of four projects valued)
generating the benefits. This process is likely to estimate an upper bound set of investment criteria for
the Program investment as the analysis focused on the highest impact projects.
The second program level analysis refers to the same set of valued benefits from the four projects but
compared them to the total investment in the Program population (the 17 projects). As there are likely
to be some positive benefits from the projects where impacts were not explicitly valued, the results
from this second analysis are likely to represent a lower bound set of investment criteria for the
Program.
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Results/key findings
Total funding for the four projects where impacts were valued totalled approximately $1.2 million
(present value terms) and produced aggregate total expected benefits of approximately $23.3 million
(present value terms). This gave an estimated net present value of $22.2 million, a benefit-cost ratio of
19.9 to 1, an internal rate of return of 102.3% and a modified internal rate of return of 15.6%. The
four projects valued represented approximately 40% of total funding for the 17 projects in the project
population.
When the benefits for the impacts valued were compared to the total investment in all projects in the
population, this lowered the investment criteria. Funding for all projects in the population totalled
approximately $2.9 million (present value terms). When compared to the same value of benefits from
the four projects ($23.3 million), the investment produced an estimated net present value of $20.4
million (present value terms), a benefit-cost ratio of approximately 8.0 to 1, an internal rate of return
of 73.9%, and a modified internal rate of return of 13.5%.
It can be concluded, given the assumptions made, that the benefit-cost ratio for the investment in the
Ginger R&D Program lies somewhere between 8.0 and 19.9 to 1.
Implications for relevant stakeholders
The positive results in terms of the type of impacts identified and valued indicate that the Program is
most likely delivering value for the resources invested. The overall findings should provide
confidence to RIRDC, the various sectors of the ginger industry, and policy personnel responsible for
allocation of public funds.
Recommendations
The industry further develops its capacity to monitor the development, levels of adoption, and value
of industry Best Management Practices (BMPs) over time.
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1. Introduction
Background to Evaluation
The Rural Industries Research and Development Corporation (RIRDC) ensures it can monitor and
report on the usage and impacts of its Research, Development and Extension (RD&E) investments.
For the past several years RIRDC has adopted a new policy approach for evaluating its performance
against the delivery of its Corporate Plan 2012-17 (RIRDC, 2012a). This policy approach is focussed
on evaluating RD&E delivery in a way that is simple, draws on the Corporation’s existing data
gathering capabilities and is cost effective for the size of the organisation. Some of the approaches
used are:
•
•
•

Project evaluation of a sample of projects to determine return on investment.
Synthesis reports of the outputs and benefits of a portfolio of projects.
Evaluation of programs toward the conclusion of a program’s three year or five year RD&E
Plan (review at 12 months prior to end). New RD&E plans make explicit reference to the
findings of the most recent economic impact analysis of past projects that have been funded.

This report is aligned with the approaches summarised above. This report also addresses the reporting
requirements for RIRDC under the joint Research and Development Corporation (RDC) initiative of
the Council of Rural RDCs (CRRDC). The CRRDC objective is to demonstrate through examples the
outcomes and benefits that have emerged or are likely to emerge from the 15 Rural RDCs. Valuation
of these benefits, along with identification of investment expenditure, is required to demonstrate the
RDCs’ contributions to Australian rural industries as well as environmental and social benefits to
Australia. The Australian Government is particularly interested in such contributions to be assured
that public funding of RD&E is justified. New CRRDC evaluation guidelines have been developed
over the past two years in conjunction with the RDCs (CRRDC, 2014). The major changes to the
previous CRRDC guidelines manifest in this report are:
•
•
•
•

The use of the Implicit GDP Price Deflator instead of the Consumer Price Index for
standardising monetary values.
The reporting of a Modified Internal Rate of Return (MIRR) as well as an Internal Rate of
Return (IRR).
Increased attention given to the resource cost of additional commercialisation and extension
of research output delivery to users.
Increased attention given to Corporation program and project management costs.

The RIRDC Ginger R&D Program 2012-2017 is nearing completion. As part of its review process,
and planning for any new Program, RIRDC required an economic evaluation of its past investment in
the Program.

Background to the RIRDC Ginger R&D Program
The Ginger R&D Program is part of the RIRDC Plant Industries Portfolio and is funded by industry
participants through a statutory levy (which came into effect in 2010) and matched dollar-for-dollar
by the Australian Government. Prior to the formalisation of the Ginger R&D Program in 2012, some
individual ginger RD&E projects were funded by RIRDC between 2010 and 2012.
Also, before the ginger levy began in 2010, RIRDC had funded some ginger projects with core funds
under its New and Emerging Plant Industries program, in response to reduced production volumes due
to disease and pest impacts. These projects were often co-funded by Horticulture Innovation Australia
11

Limited (HIAL), the Queensland Department of Agriculture and Fisheries (DAF) and voluntary
grower contributions (in the late 2000s) (A. Robb, pers. comm., 2016).
There are nine objectives (organised within three strategic priorities) listed in the current Ginger R&D
Priorities and Strategies (RIRDC, 2013a). These objectives are:
1. To assure industry competitiveness
1.1 To provide solid scientific advice to secure the biosecurity of the industry in Australia.
1.2 To solve disease and production problems that threaten reliability and quality of the
industry’s produce including the development and support integrated pest management
strategies.
1.3 To provide R&D in support of the maintenance of food safety and quality assurance.
2. To build stronger linkages with customers and the market
2.1 To understand the market opportunities and drivers that can drive the industry’s economic
success in Australia and abroad.
2.2 To provide R&D in support of education and extension activities in support of the
industry.
2.3 To supply R&D in support of increasing the level of innovation within the industry –
particularly in respect of value adding.
3. To coordinate the industry’s future direction
3.1 To build industry relationships and improve coordination, communication and industry
representation relating to R&D opportunities and impacts.
3.2 Facilitate the updating and implementation of the industry’s strategic R&D Priorities and
Strategies.
3.3 Work cooperatively with the industry’s growers and stakeholders, as well as with other
industries to promote and facilitate industry growth through R&D.
The plan is consistent with RIRDC’s overriding aim of maximising the contribution its investments
make to the profitability, sustainability and resilience of rural industries and communities.
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2. Methods
Agtrans Research was contracted to carry out an economic evaluation of the RIRDC Ginger R&D
Program relevant to the strategic planning period 2012 to 2017. The evaluation approach follows
general evaluation guidelines that are now well entrenched within the Australian primary industry
research sector including RDCs, Cooperative Research Centres (CRCs) and some Universities. The
impact assessment uses Cost-Benefit Analysis (CBA). This entails both qualitative and quantitative
approaches. These approaches are in accord with the evaluation guidelines of the CRRDC (CRRDC,
2014).

Defining the population
RIRDC provided an original list of 19 projects for inclusion in the population. Two projects were
removed from the population after further discussion with RIRDC personnel because the projects
were completed prior to the start of the strategic plan being considered in the present evaluation (1
July 2012 to 30 June 2017). As a result, the 17 projects that remained make up the final evaluation
population. The projects included were those that had been funded between 2012 and 2017 in
alignment with the current RIRDC Corporate Plan (RIRDC, 2012a) and the Ginger Industry R&D
Priorities and Strategies 2012 to 2017 (RIRDC, 2013a).
Table 1: Project Data Provided by RIRDC for the Ginger R&D Program Economic Evaluation
Project ID

Project Name

PRJ-008167

Development of an Industry Biosecurity Plan
for the Ginger Industry
Improved Tissue Culture Production of
Ginger Clean Planting Material
Extension and Education Officer - Ginger
Industry
Controlling Pythium in Ginger: Phase 2

PRJ-008308
PRJ-008338
PRJ-008343
PRJ-008385
PRJ-008410
PRJ-008532
PRJ-008862
PRJ-008962
PRJ-008964
PRJ-009626
PRJ-009664
PRJ-009665
PRJ-009666

Total RIRDC
Investment(a)
($)

Ginger Tech Support and Minor Use (MUP
renewals)
Assessment of Pythium Diversity in Ginger
Improving Soil Health to Suppress Soilborne
Diseases of Ginger
Understanding the Domestic Market for
Australian Ginger
Technical Support, Extension and Minor Use
Development for the Ginger Industry
Extension, Education and Communication of
R&D for the Australian Ginger Industry
Induced Pythium and Fusarium Resistance in
Ginger
Health Benefits of Ginger: a Review of the
Peer Reviewed Scientific Literature
Global Ginger Market Assessment Opportunities for Australian Ginger Products
Best Practice Supply Chain Management
13

Start Date

Finish Date

14,000

30-03-12

31-05-13

194,078

01-06-14

30-05-18

36,000

15-01-12

15-05-13

37,760

24-02-12

31-07-13

42,000

17-02-12

30-08-12

35,000

06-04-12

30-05-15

180,998

02-01-13

30-11-16

54,000

30-05-13

30-11-13

128,818

30-05-13

30-05-15

59,818

30-05-13

30-05-15

110,000

30-11-14

30-12-16

62,000

01-05-14

31-10-14

44,800

01-05-14

31-10-14

66,755

01-05-14

30-02-16

PRJ-010078
PRJ-010162
PRJ-010391

Information for the Ginger Industry
Determining Pathogenicity and Methyl
Bromide Control of Ginger Nematodes
Regional Ginger Extension Program (RGEP)
Ginger Strategic Plan and R&D Priorities

41,823

01-09-15

30-06-17

151,650

01-07-15

30-06-17

2,000

01-03-16

30-06-16

Source: Alison Robb, RIRDC, July 2016
(a) Total RIRDC investment includes grower levy funds as well as Australian Government matching funds.

Given the size of the Australian ginger industry all 17 projects, including those that were not yet
completed at the time of the evaluation, were included in the population. These 17 projects make up
the entirety of RIRDC financial support for research in the Ginger Program over the evaluation
period.

The Evaluation Approach
The evaluation approach was to identify and briefly describe objectives, outputs, outcomes, and
impacts for each project investment. The individual project outcomes and impacts were then
integrated and described at the aggregate Program level. The principal economic, environmental and
social impacts at the Program level were then summarised in a triple bottom line table.
Some, but not all, of these impacts were then valued in monetary terms. Based on the extent of impact
associated with each project in the above process, selected projects were chosen for valuation of their
individual impact or their contribution to an aggregated impact. This resulted in valuation of benefits
from a total of four projects from the population and these are deemed to represent the principal
benefits derived from the Program investment and for which appropriate assumptions could be made
for valuation.
This allowed two key sets of aggregate investment criteria to be produced:
•

•

The costs and benefits for the four projects were aggregated to form a set of investment
criteria for this subset of projects. The results represent an upper limit for the Program’s
economic impact when the benefits are compared with only the costs of only those four
projects.
The benefits for the four projects are aggregated and compared with the costs of all 17
projects in the population, to provide a lower limit for the Program’s investment criteria.

The number and value of the 17 projects included in the analysis is shown in Table 2, classified and
aggregated according to the strategic priorities of the Ginger R&D Priorities and Strategies document.
Table 2: Number and Value of Projects in the Population by R&D Plan Objective
Strategic Priorities as in the Ginger Industry R&D
Priorities and Strategies: 2012-2017

No. of
Projects

Assure industry competitiveness
Build stronger linkages with customers and the market
Coordinate the industry’s future direction
Total

8
8
1
17

(a) RIRDC and Other funding
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Total Value of
Projects
($ Nominal)(a)
1,919,086
659,086
2,000
2,580,172

Percentage
of Total
Value (%)
74.4
25.5
0.1
100.0

3. Description of Projects
Table 3 provides a simple list of the project codes and titles of all 17 projects defined in the
population.
Table 3: Projects Included in the Population (in order of Project ID)
Project ID
PRJ-008167
PRJ-008308

Project Name
Development of an Industry Biosecurity Plan for the Ginger Industry

PRJ-008338

Improved Tissue Culture Production of Ginger Clean Planting Material
Extension and Education Officer - Ginger Industry

PRJ-008343

Controlling Pythium in Ginger: Phase 2

PRJ-008385
PRJ-008410

Ginger Tech Support and Minor Use (MUP renewals)
Assessment of Pythium Diversity in Ginger

PRJ-008532

Improving Soil Health to Suppress Soilborne Diseases of Ginger

PRJ-008862
PRJ-008962

Understanding the Domestic Market for Australian Ginger
Technical Support, Extension and Minor Use Development for the Ginger Industry

PRJ-008964

Extension, Education and Communication of R&D for the Australian Ginger Industry

PRJ-009626

Induced Pythium and Fusarium Resistance in Ginger

PRJ-009664
PRJ-009665

Health Benefits of Ginger: a Review of the Peer Reviewed Scientific Literature
Global Ginger Market Assessment - Opportunities for Australian Ginger Products

PRJ-009666

Best Practice Supply Chain Management Information for the Ginger Industry

PRJ-010078
PRJ-010162

Determining Pathogenicity and Methyl Bromide Control of Ginger Nematodes
Regional Ginger Extension Program (R-GEP)

PRJ-010391

Ginger Strategic Plan and R&D priorities

Source: Alison Robb, RIRDC 2016

15

Project Logical Frameworks
A full description of each of the 17 projects in a logical framework is provided in the tables below.
PRJ-008167: Development of an Industry Biosecurity Plan for the Ginger Industry
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Plant Health Australia
Period: March 2012 to May 2013
Principal Investigator: Sharyn Taylor
The Australian Ginger Growers Association (AGGA) is currently investigating
membership with Plant Health Australia (PHA) together with signing the
Emergency Plant Pest Response Deed (EPPRD). Development of an Industry
Biosecurity Plan (IBP) will assist with determination of the need for these
actions, through a comprehensive evaluation of the potential pest threats that
pose the greatest risk to the Australian ginger industry. It will also assist industry
peak bodies identify the key pests of concern as well as outline current
biosecurity activities and future biosecurity needs.
1. Identify potential exotic pest threats to the ginger industry and, where
information is available, determine the associated risk of entry,
establishment, spread and economic impact for each pest.
2. Prioritise pest threats to the industry to provide direction for the allocation of
resources in biosecurity in the ginger industry.
3. Identify those pests for which the potential threat is unknown and that require
additional research.
4. Identify key areas for investment in biosecurity in the ginger industry.
5. Establish the risk mitigation activities that are currently being undertaken in
the industry and determine the activities that could be implemented in the
future to reduce biosecurity threats to production.
6. Identify surveillance activities and diagnostic capabilities that are available
in Australia for the ginger industry.
7. Provide an overview of national biosecurity arrangements in Australia and
how the ginger industry is aligned with the Australian biosecurity response
framework.
• An initial desktop study was carried out to identify a list of ginger pests that
are not currently present in Australia.
• An Industry Biosecurity Group (IBG) was formed that included
representatives from the ginger industry, governments and scientific experts.
• Threat summary tables of exotic pest threats to the ginger industry were
developed through an in-depth literature review and database searches and
with consultation and feedback from researchers with expertise in
entomology and pathology.
• A meeting of the IBG was held in Brisbane (August 2012) to develop and
adapt the information in the IBP specifically to the ginger industry. The
meeting also was used to raise important, industry relevant issues for
inclusion in the plan and to identify experts to provide input.
• Through expert consultation the list of threats was finalised and each pest
given a threat ranking based on four criteria (entry, establishment, spread
potential, and economic impact).
• From the rankings above, a High Priority Pest (HPP) list was compiled.
• Drafts of the IBP were compiled and distributed to the IBG for review.
• Finalisation of the process resulted in the Industry Biosecurity Plan for the
Ginger Industry (Version 1.0-2013). The document includes sections on
ginger industry threat identification, pest risk assessments and
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categorisations, risk mitigation plans, contingency plans and response
management, and a plan review process.
The IBP was endorsed by the industry through the Australian Ginger
Industry Association (AGIA) and then by Commonwealth and
State/Territory governments (through the Plant Health Committee).
The project also noted seven recommendations to the Australian ginger
industry that include: training in responsibilities for PHA committee
members, development of on-farm biosecurity training packages, producing
on-farm grower focused awareness material, investigation of levies to cover
biosecurity related activities, emergency registration of chemicals for HPPs,
investigate legal implications of removing native ginger species, and gain
further details on PHA membership and signing the EPPRD.
Following the publication of the IBP, AGIA has become a PHA member and
signed the EPPRD. As part of this process the ginger industry has
established a EPPRD levy, which while currently set at zero provides an
avenue for raising funds should the industry be required to respond to a pest
incursion (Sharyn Taylor, pers. comm., 2016).
AGIA now has information on biosecurity on its website, which provides
support to members on identifying and evaluating biosecurity risks (Sharyn
Taylor, pers. comm., 2016).
Growers and other industry stakeholders are more aware of exotic
biosecurity threats to the ginger industry and their potential impact.
Growers and other industry stakeholders are aware of the current situation in
regards to the Australian ginger industry’s biosecurity preparedness.
The ginger IBP has provided a blueprint for biosecurity requirements within
the industry and may be used by the industry and governments to focus
future biosecurity investment.
The IBP highlights where potential gaps in biosecurity capacity and
capability can be improved.
Reduced risk of exotic pest incursions through implementation of risk
mitigation plans presented in the IBP.
Reduced potential costs to the Australian ginger industry in the event of an
exotic pest incursion through improved preparedness because of the IBP.
Improved effectiveness of future investment in biosecurity R&D.

PRJ-008308: Improved Tissue Culture Production of Ginger Clean Planting Material
Project Details

Rationale

Objectives

Research Organisation: The Department of Agriculture, Fisheries and Forestry
(DAFF) (QLD)
Period: June 2014 to May 2018
Principal Investigator: Sharon Hamill
Using tissue culture (TC) ginger as a source of clean planting material is a high
priority for the Australian ginger industry. Disease free ginger rhizome is
produced using TC but there is a major shortage of supply, additional costs and
concern that TC derived rhizome is more susceptible to Fusarium wilt than
conventional rhizome. This project aims to improve rhizome size of first
generation tissue culture plants, reduce cycle time and cost so that more growers
can access and use clean planting material to improve production systems.
Specific objectives are:
1. To improve production of ginger by tissue culture.
2. Investigate and improve resilience of TC derived ginger to Fusarium wilt
(Foz). The objectives are:
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i.

Activities and
Outputs

to demonstrate whether or not the process of conducting TC in ginger
increases susceptibility to Foz and if so;
ii. to develop methods to reduce this susceptibility.
Another objective of this study is:
iii. to get an indication of the presence of any novel genotypes of Foz
within Queensland (QLD) ginger fields by assessing the profiles of
pathogenicity genes known as SIX genes within sample isolates of Foz.
Finally, it is important to know that crops used in rotation with ginger are not
likely to introduce strains of Foz that can also cause wilt on ginger; thus:
iv. challenging ginger in pot trials with a range of Foz genotypes known to
be pathogenic on other crops will provide information relevant to the
choice of rotation crops.
• A trial was established in November 2014 using tissue culture plants treated
with sucrose to determine if pre-treatments could increase rhizome growth
after a year grown in pots.
• This trial showed that several tissue culture treatments increased rhizome
weight in cultivars ‘Canton’ and ‘Queensland’ but were cultivar specific.
• An experiment changing nursery practice was established using tissue culture
plants of cultivar ‘Queensland’ planted at three dates in 2014.
• There was a significant improvement in rhizome mass for one of the
treatments which produced rhizome three times heavier compared to
conventional tissue culture control.
• Twenty isolates of Fusarium oxysporum were isolated from ginger from four
locations. The isolates were sequenced targeting the Secreted in Xylem (SIX)
virulence genes to determine formae speciales and host range.
• Sequencing confirmed that ten isolates carry all four SIX genes and five
carried 1 or 2 SIX genes.
• Disease assays were undertaken on young watermelon seedlings and
diseased watermelon were observed at post inoculation stages. Symptoms
included the yellowing of leaves and stunted growth but effects were not
lethal. Further optimisation and testing of this system will continue. Further
studies will be conducted on isolates from fields where other Fusarium prone
crops are grown.
• Four trials are in progress as of May 2016:
1. A shade-house trial to identify best TC media.
2. A large senescence trial with plants in shade-house from different TC
media and time periods, for a field trial in September.
3. Since September 2015 a field trial examining various TC production
methods including senesced plugs. Interim data shows that plants grown
directly from senesced plugs were taller, germinated both earlier and at
higher percentage rate compared to controls.
4. A Fusarium disease development trial comparing ginger rhizome derived
from tissue culture or non-tissue culture was established using rhizome from
three sources: (A) tissue culture produced full size rhizome never in field,
(B) tissue culture derived full size rhizome grown 6 months in field, and (C)
rhizome not from tissue culture grown 6 months in field. The three types of
plants were collected and potted into pasteurised potting mix and allowed to
establish before inoculation with Fusarium. The experiment is in progress
and to date, minimal symptoms have been seen only from treatments B and
C.
• Additional isolates of Fusarium were collected for variability assessments.
• To date, most of the isolates assessed have a very similar profile with each
other both in terms of pathogenicity on ginger rhizomes and at the molecular
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level when assessed for the presence of SIX genes (S. Hamill, pers. comm.,
2016).
Fusarium oxysporum isolates obtained from ginger rhizomes exhibiting a
soft rot not typical of that of Fusarium yellows (caused by F. oxysporum
f.sp. zingberi-Foz) were found to be distinct from typical Foz isolates. These
atypical isolates produced only small lesions on ginger rhizomes and lacked
the SIX genes previously noted as present in all Foz isolates (S. Hamill, pers.
comm., 2016).
Data generated by this research project may lead to suppliers of TC ginger
being able to increase capacity, speed up production (producing rhizomes
close to full size in one year) and improve cost effectiveness for producing
clean ginger planting materials to be made available to Australian ginger
growers.
Improved identification of Fusarium types (via assessment of the presence of
specific SIX genes) that are affecting Australian ginger crops and other
potential rotation crops may lead to different rotation and/or co-cultivation
practices for improved disease management in ginger.
Potentially, increased use of TC ginger planting material will allow growers
to establish new farms on clean sites without introducing Fusarium, Pythium
and/or nematodes and allow growers to establish their own mother blocks to
allow them to produce clean seed for their own planting needs (S. Hamill,
pers. comm., 2016).
Potentially, reduced time and costs to produce TC ginger.
Potentially, improved average yields through the increased supply of clean
TC ginger planting material with minimum susceptibility to Fusarium wilt.

PRJ-008338: Extension and Education Officer Ginger Industry
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Australian Ginger Industry Association Incorporated
Period: January 2012 to August 2013
Principal Investigator: Jann Bonsall
Prior to this project the ginger industry was relying on industry members to
manage and deliver the communication component of R&D work in conjunction
with ad hoc use of outside consultants and reliance on the researchers
themselves. With the introduction of a national R&D levy for the ginger industry,
and in line with the AGIA Strategic Plan, the Industry Advisory Committee
(IAC) agreed to the implementation of an extension/education officer program to
ensure that industry investment in R&D projects remained relevant and adopted
by stakeholders within the industry. Inherent in the “extension” component of the
project was the delivery of project reports and where necessary, interpretation for
better understanding of project findings across the supply chain to promote
uptake.
1. Identification of and engagement with research and development
opportunities.
2. Interpretation of R&D projects and delivery of such to stakeholders.
3. Development of communication and interaction with all supply chain
partners including first contact opportunities.
• The primary output of this project was retaining the services of an Industry
Extension and Education Officer (E&EO). The E&EO officer was appointed
in October, 2011.
• Several industry extension and coordination events were organised
including:
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Grower meetings.
Field days.
Meetings with the R&D personnel.
Coordination of the Industry Biosecurity Plan in conjunction with
Plant Health Australia.
o Meetings with supply chain partners.
The E&EO has produced invitations, agendas, programmes, minutes and
newsletters for the ginger industry to ensure that all growers and supply
chain partners accessible to AGIA are kept up to date with events and
information delivery.
The AGIA website was developed as part of this project and went live in
June 2013.
Collaboration between producers and RD&E personnel was enhanced by the
assistance of the E&EO in areas such as coordinating industry meetings,
informing the industry of important developments and conducting extension
activities.
The E&EO officer encouraged growers to attend meetings and participate in
industry events. This was done through consistent communication either by
phone or email which was undertaken by both the E&EO and Tech Support.
The E&EO also encouraged growers to participate by having guest speakers
at meetings from other industries providing information that was related to
the horticulture industry as a whole (J. Bonsall, pers. comm., 2016).
Where possible the E&EO made on-farm visits to growers to understand the
issues that were specific to that grower.
Co-ordinating technical support for the Import Risk Analysis (IRA) process.
Enhanced understanding of contemporary issues affecting ginger growers.
Improved collaboration between industry stakeholders.
Improved grower attendance and participation in industry meetings and
events.
Improved dissemination of research outputs.
Increased industry capacity due to improved collaboration and technical
knowledge.
Potential enhancement of benefits attributable to other ginger RD&E
investments due to increased adoption.
o
o
o
o
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PRJ-008343: Controlling Pythium in Ginger: Phase 2
Project Details

Rationale

Objectives

Research Organisation: The Department of Employment, Economic
Development and Innovation (DEEDI) (QLD)
Period: February 2012 to July 2013
Principal Investigator: Mike Smith
Pythium myriotylum is a soil-borne disease of ginger first identified by Australian
growers in the 2007/08 season. DEEDI had undertaken field and pot trials in a
previous RIRDC funded project (PRJ-005612, completed in 2011) to
demonstrate the value of clean planting material and to investigate cultural
practices and chemical control strategies to control and limit the spread of
Pythium myriotylum. This project is an extension of funding support for the
research into the control of Pythium Soft Rot (PSR) in ginger.
The aim of the project was to identify measures to contain the spread of Pythium
myriotylum and to control the disease on those farms with the disease.
Specific objectives include:
1. 50% adoption of practices to control Pythium rhizome rot within 2 years after
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Activities and
Outputs

Outcomes

completion of research and dissemination of results.
2. Reduced losses and increased production of ginger following successful
control of Pythium Soft Rot.
• Ginger field trials were conducted during the 2011/12 and 2012/13 seasons
on a grower’s farm in Eumundi that had a history of PSR.
• Different treatments were tested during the trials. Treatments consisted of
varied rotation crops, organic amendments, conventional and slow release
fertilisers, subsurface drainage and early rogueing followed by spot sprays of
a fungicide mix.
• In addition to the Eumundi field trials, fungicide trials were conducted in a
disease nursery located at Maroochy Research Station.
• High volume-foliar sprays were applied during 2011/12 and high volumeunder canopy sprays were applied during 2012/13.
• In addition, six ginger cultivars were tested for their resistance to Pythium
myriotylum in pot trials conducted at Maroochy Research Station.
• Rhizomes were grown in a pasteurised potting mix and were inoculated with
sorghum grains colonised with the fungus.
• Plants were rated for disease incidence based on external and internal
symptoms. Disease incidence and early harvest yields were recorded and
analysed by ANOVA.
• The ginger field trials during the 2011/12 and 2012/13 seasons showed that
some organic materials break down quickly and can quickly lead to
improvements in soil organic and labile carbon levels which stimulate
increased microbial activity believed to suppress PSR in the soil.
• Further control was achieved by improving drainage and ‘spot spraying’
areas with appropriate fungicides when disease symptoms first appear.
• Results from the ginger field trial showed no significant difference in
growth, yield and disease incidence when a slow release fertiliser was used
as compared to conventional fertilisers.
• The results from high-volume foliar applications of fungicide during the
2011/12 season were inconclusive, however when targeted, high volume
basal sprays were applied during the 2012/13 season, two fungicide
treatments (metalaxyl/mancozeb and metalaxyl/phosphonate) gave
significantly better control than the untreated control.
• Several applications of a commercial Bacillus subtilus product at the
manufacturer’s recommended rates did not control disease symptoms and
results were not significantly different than for untreated ginger.
• No ginger cultivars tested in pot trials showed resistance to PSR.
• During the current project two industry workshops and two field days were
held to disseminate project results.
• An updated factsheet was produced including recommendations for
controlling PSR.
• The project contributed to the ongoing development of a ‘Clean Seed
Scheme’ for the Australian ginger industry to ensure only high health
material is used and to minimise the spread of the disease. Further R&D is
being funded (see description of project PRJ-008308) aiming to provide
pathogen free planting stock to industry.
• PSR arrived during the wet summer of 2007/08. Growers had never
encountered this disease in Australia, although it is very common overseas.
Many fields were abandoned due to extreme crop losses. At the time,
eradication was not possible, so exclusion and containment were the main
recommendations until control options could be developed (M. Smith, pers.
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comm., 2016).
Growers have adopted control recommendations and on-farm quarantine
measures to minimise and prevent, where possible, the spread of PSR. These
recommendations include:
o Application of organic soil amendments for improved soil health
o Use of suitable rotation crops
o Use of ‘clean seed’ for planting
o Improving on-farm biosecurity
o Improving on-farm drainage and better water infiltration
o Regular rogueing and intensive spot-spraying with registered fungicides
As a result of the high level of industry adoption of PSR control
recommendations, some growers are growing very good crops on lands that
had been abandoned due to severe disease pressure. PSR is still of concern to
the industry but no longer generates the fear and dread of the first few years
of the epidemic (M. Smith, pers. comm., 2016).
Increased chemical and soil amendment costs to growers.
Increased average ginger yields from reduced crop losses to Pythium Soft
Rot because of growers using best management practice (BMP) for disease
control.
Maintenance of the area of ginger crop grown in Australia because of
growers using BMP in terms of on-farm quarantine processes to minimise
the spread of PSR.
Potentially negative down-stream effects from the increased use of
chemicals on-farm.
Potential for increased regional income as a spillover from increased farm
profitability.

PRJ-008385: Ginger Tech Support and Minor Use Permit (MUP) Renewals
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Australian Ginger Industry Association Incorporated
Period: January 2012 to August 2013
Principal Investigator: Jann Bonsall
During the late 2000s, the Australian ginger industry experienced considerable
losses from the soil borne fungus Pythium and through increased nematode and
symphylid pressure. It is thought that this was primarily due to a dependence on a
monoculture growing system. During the 2012/13 season in particular, losses of
up to 40% on some farms were experienced (J. Bonsall, pers. comm., 2016). It
was therefore critical to review and update the methods used to address these
issues to improve viability of the industry. Of particular interest were chemical
controls, many of which required further investigation to satisfy legal
requirements for their use.
1. To develop new and updated agricultural chemical use permits relevant to
maximising production.
2. To develop documentation and training in the use of products and systems to
achieve improved productivity in ginger culture.
• A research trial was conducted to determine effective control of symphylids
in ginger. Results indicated that the use of the products Fipronil and
Bifenthrin applied as pre-planting bed incorporation, and as directed under
canopy soil applications at 30 & 60 day post-emergent applications provided
effective control for this pest. A new permit for the use of the two products
was applied for and issued in February 2013.
• The extension of a current permit for the use of Oryzalin and Simazine for
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pre-emergent weed control required two residue trials to be conducted in
addition to what had been conducted in previous research. These trials were
conducted with the addition of higher rates of Oryzalin. Residue data were
collected and analysed by an approved residue testing laboratory and results
were submitted to the Australian Pesticides and Veterinary Medicines
Authority (APVMA). The permit extension was approved.
Metalaxyl and Phosphorus acid were found to be an ineffective control of
PSR in ginger. This finding occurred as part of project PRJ-008343, which
ran concurrently to PRJ-008385. Based on this finding several other
compounds were reviewed, with the combination of Mancozeb and
Metalaxyl applied as a directed high volume post emergent application
identified as a potential means of controlling the disease.
Discussions were held with the APVMA as to the possibility of a new MUP
being issued for the use of Mancozeb and Metalaxyl for controlling PSR.
Following completion of residue analyses and a submission to the APVMA,
the APVMA declined the issue of a permit for Mancozeb based on food
basket issues (J. Bonsall, pers. comm., 2016).
Technical support was provided by this project to three other ginger research
projects, all of which are discussed in further detail elsewhere in this
evaluation. The specific projects, and contribution of this project are as
follows:
o PRJ-008343: Field trials in the 2012-13 season to support previous
seasons’ results.
o PRJ-008416: General support and collaboration.
o PRJ-008862: Extensive support, collection of information and varietal
product supply. Assistance in calculation of production data.
As part of the ‘Action on the Ground Soil Carbon’ funding package, four
large scale trials were established in conjunction with DAFF Queensland to
review various cover crops, cultivation methods and crop nutrition systems
aimed at improving soil organic carbon, reducing fossil fuel use and
reducing nutrient runoff from ginger fields (J. Bonsall, pers. comm., 2016).
The results strongly indicated improvement in soil organic carbon through
the use of fallow cropping and also strongly indicated the importance of new
fertiliser application technologies aimed at reducing nutrient runoff from
ginger fields following established fertigation methods (J. Bonsall, pers.
comm., 2016).
Review of literature and overseas methods of pest and disease control.
A number of technical bulletins have been produced with the goal of
providing growers and stakeholders with a better understanding of key issues
affecting the productivity of the Australian ginger industry.
Involvement in the formation of an Industry Biosecurity Plan with Plant
Health Australia (PRJ-008167) together with documentation of on-farm
biosecurity systems for pest and disease control culminated in a day long
workshop for ginger growers.
A permit for the use of Fipronil and Bifenthrin was approved. Adoption has
been 100% in areas where symphylid susceptible soils are utilised for ginger
cultivation.
Currently, the industry has applied to the APVMA for the use of Thiram as a
protectant fungicide partner to Metalaxyl to avoid potential resistance (J.
Bonsall, pers. comm., 2016).
The findings from the ‘Action on the Ground Soil Carbon’ trials lead to a
series of industry recommendations. As a result, fallow cropping has become
industry standard practice as has use of composts and control release
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fertilisers with approx. 60% industry adoption (J. Bonsall, pers. comm.,
2016).
Support for other AGIA projects has improved industry collaboration.
Potential increase in grower profits due to access to improved pest and
disease control methods and improved farming systems.
Increased industry capacity due to improved collaboration between
researchers.

PRJ-008410: Assessment of Pythium Diversity in Ginger
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: The University of Queensland (UQ)
Period: April 2012 to May 2015
Principal Investigator: Elizabeth Aitken and Mike Smith
Since 2007 ginger growers in Australia have faced significant yield losses in their
crops due to soft rot disease caused by Pythium. Pythium myriotylum had been
identified as causing this rot however recent studies using taxonomic, molecular
and some host range assessments indicate that there is more than one species
present. It is therefore important for the management of Pythium Soft Rot to
determine what Pythium species are prevalent and what is their host range as this
will determine plans for control via containment or crop rotation.
Specific objectives are:
1. Identify the range of pathogenic species causing Pythium Soft Rot in ginger
fields in Australia.
2. Determine the host range of the predominant Pythium genotypes for
implementation of recommendations of crop rotations.
3. Assess distribution of aggressive genotypes with a view for
recommendations on containment / management practices.
• A total of 173 Pythium and 15 Pythium-like isolates were obtained either
directly from Pythium Soft Rot (PSR) ginger or from soil around infected
ginger by using a baiting technique from the ginger growing areas of the
Sunshine Coast, Queensland.
• Isolations undertaken directly from diseased ginger with PSR symptoms
were conducted.
• The effect of temperatures on daily radial growth rates of Pythium spp. and
Pythium-like organisms was assessed for each isolate and a grass leaf
technique was applied to observe morphological characteristics of Pythium
spp. and Pythium-like organisms.
• DNA was extracted and amplified. The resulting polymerase chain reaction
(PCR) products were sent to Macrogen (Korea) for sequencing and analysis
to determine genetic variations.
• Eleven different Pythium spp. were identified up to species level based on
their morphology. Only three out of 11 Pythium spp. and Pythiogeton (Py.)
spp. were recovered directly from PSR ginger and in each case only a single
species was obtained at any one time from ginger with PSR.
• Ginger baits from the soil revealed several different Pythium spp., including
P. aphanidermatum, P. deliense, P. heterothallicum, P. oligandrum, P.
perplexum, P. spinosum, P. splendens, P. torulusum, and P. ultimum.
• A pathogenicity assay was conducted to test for aggressiveness as measured
by the ability of isolates to colonise and spread on ginger sticks.
• Pythium spp. and Py. ramosum showed different levels of aggressiveness on
ginger sticks. Isolates of P. myriotylum, except for P. myriotylum
CBS254.70 isolate, P. deliense and P. aphanidermatum were the most
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aggressive. P. heterothallicum, P. perplexum, P. oligandrum, P. torulosum
and Py. ramosum were non-pathogenic on ginger sticks at 27 °C.
These pathogenic species (and strains) of Pythium and Pythium- like species
were only problematic at high temperatures except for the ginger strains of P.
myriotylum which caused Pythium Soft Rot at lower temperatures as well as
higher temperatures.
Seedlings of a number of crop species commonly used in rotation in ginger
fields were tested against cultures of Pythium spp. and Pythium-like
organisms to calculate a disease index for each rotation crop.
Seedlings of all tested crop species, except for beet root and eggplant,
germinated well in the control treatments with no significant disease levels.
For the host species, disease indices significantly greater than control were
recorded when seedlings were challenged with P. myriotylum, P. deliense, P.
spinosum, P. splendens and P. ultimum. These pathogenic Pythium spp.
attacked and killed the seeds before germination and also young seedlings in
the assays. Pathogenicity of Py. ramosum was quite variable among tested
crops. Py. ramosum showed high levels of aggressiveness on cauliflower and
spring onion. P. heterothallicum, P. torulosum and P. perplexum were nonpathogenic on the three crop species tested.
P. oligandrum has the potential as a biological control agent. The project
recommended that further work should be carried out to determine if P.
oligandrum would be useful in an integrated plant disease management
system.
The project also supported the studies of Duy Le at the University of
Queensland under the supervision of Elizabeth Aitken and Mike Smith
Duy was awarded his PhD on 12 August 2016. His studies identified a range
of pathogenic species causing PSR in ginger in Australia. Notably, Pythium
myriotylum was found to be the dominant and most aggressive pathogen
causing PSR, while P. oligandrum demonstrated some biocontrol potential in
in vitro and glasshouse studies (M. Smith, pers. comm., 2016).
The project recommended that the feasibility of deploying a molecular tool
that can easily identify the ginger specific strains of P. myriotylum should be
investigated.
Further research was suggested to assess the feasibility of deploying a
molecular tool that can easily identify the ginger specific strains of P.
myriotylum.
Further research was recommended to assess P. oligandrum and the
feasibility of its deployment as part of an integrated disease management
program.
Data produced by the project have contributed to better information for
growers regarding rotation programs to reduce Pythium related diseases in
Australian ginger crops.
Growers are now using cover cropping more effectively and are themselves
experimenting with a broader range of crops. The use of crops that are nonhosts of Pythium myriotylum, as well as non-hosts of root-knot nematode, are
very important considerations. Winter cover crops include oats, oats/field
peas, oats/brassica and brassica alone. Summer cover crops include sorghum,
sorghum/lablab and sorghum/cow pea. Studies have shown that the mixed
cereal/legume crops are contributing significant amounts of carbon and
nitrogen back into the production system, while also contributing to soil
health by increasing the diversity of microbial communities in the soil (M.
Smith, pers. comm., 2016).
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Contribution to improved BMPs for the control of PSR in Australian ginger
crops leading to increased average yields.
Contribution to the maintenance of the existing ginger cropping area through
improved Pythium species identification and control through BMPs.

PRJ-008532: Improving Soil Health to Suppress Soilborne Diseases of Ginger
Project Details

Rationale

Objectives

Activities and
Outputs

Research Organisation: The Department of Agriculture, Fisheries, and Forestry
(DAFF) (QLD)
Period: January 2013 to November 2016
Principal Investigator: Mike Smith
Previous RIRDC funded research (PRJ-005612; PRJ-008343) into the control of
Pythium Soft Rot in ginger has indicated that some of the critical measures to
limit losses are through the use of organic amendments and cultural practices that
are thought to improve soil health. This project attempts to build on research,
both past and present, with an emphasis on understanding how soil health can be
improved to lead to more productive and sustainable ginger farming systems.
1. To identify practices that improve soil health in a ginger farming system.
2. To reduce losses and increase production of ginger following successful
control of Pythium Soft Rot and other soilborne diseases such as Fusarium
and root-knot nematodes.
• A survey was conducted of 10 ginger producing farms in south-east
Queensland. At each farm growers were asked to nominate good and poor
areas for ginger production. This gave 20 paired sites. At each site,
composite soil samples were collected to a depth of 10 cm. The samples
were processed for physical, chemical and biological soil characteristics.
• A glasshouse experiment to investigate differences in disease development in
five selected ginger soils was established at the DAFF Ecosciences Precinct.
• Eight treatments were established; pasteurised and unpasteurised soils
inoculated with Fusarium, Pythium and root-knot nematode plus
uninoculated controls. With five soils and five replicates per treatment the
experiment comprised a total of 200 pots.
• Plants were monitored for disease symptoms and growth parameters were
recorded with the aim of relating differences in disease development to
differences in soil health characteristics.
• Disease suppression was determined to be a biological phenomenon. This
was proven by removing the soil biology through soil pasteurisation thus
removing the beneficial organisms. Building an abundant and diverse
microbial community in the soil is important in restoring fertility and soil
health. Reduction of inocula loads and suppression of Pythium myriotylum
through the activities of fungal antagonists are important in bringing PSR
under control (M. Smith, pers. comm., 2016).
• Fusarium wilt control, has proven more problematic due to its ability to be a
pathogen when a susceptible host (ginger) is present, but can survive quite
well as a saprophyte when ginger is not present (M. Smith, pers. comm.,
2016).
• Two experiments were established at DAFF Maroochy Research Station to
test the efficacy of Ethanedinitrile (EDN)(a) to control PSR, plant parasitic
nematodes and weeds in ginger production blocks that had a history of these
problems.
• Results to date indicate that the EDN treatment significantly suppressed
weeds and parasitic nematode populations compared to the untreated control
26

•

•
Outcomes

•
•

Impacts

•

beds. They also suppressed microbial activity. However, the EDN treatment
significantly increased disease incidence and ultimately had a significant
negative impact on early harvest yield when ginger was planted following
fumigation.
Another soil fumigant under investigation was Tri-Form 60®, a mixture of
di-chloropropene and chloropicrin. Two observation trials were established
at a commercial ginger farm at Eumundi to test the efficacy of Tri-Form 60®
to control Pythium Soft Rot in ginger production blocks that had a history of
this disease. Results for Tri-Form 60® have been inconclusive.
The project team have given oral presentations at each the AGIA Field Days
since the project commenced.
The findings of this project may be used by growers to make better decisions
regarding management of soil health issues to assist in the control of
prevalent soil borne diseases in the Australian ginger industry.
Improved management includes increasing organic matter through cover
cropping and/or soil amendments to improve control of PSR and nematodes
(M. Smith, pers. comm., 2016).
Potential contribution to improved control of soil borne diseases through
better management of soil health.

(a) Ethanedinitrile (EDN) is a soil fumigant developed by CSIRO as an alternative for ozone depleting methyl bromide and
has been shown to be effective in controlling soilborne diseases in other crops, particularly Pythium and plant parasitic
nematodes.

PRJ-008862: Understanding the Domestic Market for Australian Ginger
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Brand Story Pty Ltd
Period: May 2013 to November 2013
Principal Investigator: Steve Sheppard
The threat of imported ginger has considerable ramifications for Australian
growers in terms of increased market competition and the potential risk of
introduction of plant diseases that could impact domestic production. While 90%
of Australian consumers have experienced ginger (tried it/occasionally consume
it) it is hypothesised that the Australian public is not fully aware of the full range
of potential uses for and benefits of ginger (taste and health) and has little
awareness of country of origin of the ginger they consume. There is a clear need
to develop the domestic market for Australian ginger to address these issues.
The aim of the project is to conduct both formal and informal research to gain a
clear understanding of:
1. Which products/formats of fresh ginger & channels present the greatest
opportunity for growth in the domestic ginger market.
2. Which aspects of fresh ginger have the greatest potential to increase
consumer engagement with the category and how.
3. Whether the Australia ginger industry requires an overarching brand and if
so who should be the primary target for it and what is the optimal story to
drive preference for it.
4. Whether Australian ginger has a genuine unique selling proposition (USP)
vs. imports.
• April 2013 (PHASE 1) Immersion in industry market research reports and
data and stakeholder interviews:
- Established the issues and identified potential opportunities.
- Developed several hypotheses to build on.
- Interviews were conducted with growers, opinion leaders, processors,
retailers and wholesalers to road-test hypotheses and build on initial
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knowledge of issues and opportunities.
June 2013 (PHASE 2) Exploratory research with the general public:
- Focus groups were held. Participants were both regular and occasional
fresh ginger purchasers. The groups were used to establish their
knowledge levels, habits, behaviours and attitudes around ginger and to
test potential communication and educational directions.
- Key findings to date were presented at the Pomona field day – July 2013.
September 2013 (PHASE 3) Survey research with 500+ members of the
general public who are main grocery buyers and who used ginger in their
cooking at least 3-4 times in the last year:
- Results of the survey lead to the establishment of key market metrics and
identified the relative appeal of a number of proposed specific market
development activities.
- Progress to date was presented at the grower meeting in Pomona on 4th
November outlining recommendations for key strategies and activities to
take forward.
November 2013 (PHASE 4) Technology Transfer - comprising
grower/industry stakeholder presentations/workshops (face-to-face and via
teleconference) to showcase the outcomes from the process and identify
ways in which the outcomes could be taken up and utilised by them for the
benefit of the Australian ginger industry. Key organisations/groups covered
included:
- Bundaberg Brewed Drinks
- Buderim Ginger
- Gourmet Gardens (TBC)
- IGA (Metcash)
- Brisbane Markets wholesalers
The project identified four overarching areas to be considered for further
market development: communication of Australian provenance, public
education about health benefits, public education on selection, storage,
preparation and utility, and investment in a retailer focused strategy to
optimise presentation at point-of-sale.
It was found that many consumers did not know that ginger was grown in
Australia and they assumed it was imported. There was little point of sale
information available to consumers to communicate this (S. Sheppard, pers.
comm., 2016).
Potentially, marketers of Australian ginger may implement changes to
highlight the ‘Australian made and grown’ aspect of ginger to consumers.
The Australian ginger industry has produced and publicised information on
the health benefits of Australian ginger.
Potentially, the Australian ginger industry will increase engagement with
retailers to optimise presentation of Australian fresh ginger at point-of-sale.
Potentially, increased demand for Australian ginger increasing profitability
of the industry.
Potentially, improved health for Australian consumers due to an increase in
consumption of Australian ginger.
Potentially, reduced risk of imported biosecurity threats due to reduced
ginger importation.
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PRJ-008962: Technical support, extension and minor use development for the Ginger Industry
Project Details
Rationale

Objectives

Activities and
Outputs

Outcomes

Research Organisation: Australian Ginger Industry Association Incorporated
Period: May 2013 to May 2017
Principal Investigator: Jann Bonsall
Yield decline due to pests, diseases and soil health issues remained an issue
impinging upon profitability of the Australian ginger industry. This project was
funded with the intent of continuing work conducted in projects such as PRJ008385, with a focus on ways to rehabilitate soils infected with soil-borne
diseases.
1. To facilitate new and updated agricultural chemical use permits relevant to
maximising production.
2. To document and train growers in the use of these products and systems to
achieve more sustainable farming systems.
• Several permit applications were made to APVMA, including:
o Permit for use of Thiram as a broad spectrum protectant fungicide for
Pythium control.
o Renewal & extension for the use of Surflan and Simazine as preemergent herbicide treatments in ginger.
o Permit for use of Metalaxyl as an in-crop fungicide.
• Additional residue study samples were supplied to Agrisolutions for analysis
for the continued use of Fipronil and Bifenthrin.
• Personnel involved with this project provided a mentoring role to growers
through regular contact and dissemination of information on best practice
and disease control.
• Technical support was provided to DAFF QLD and other ginger industry
projects, including:
o PRJ-008964 Industry Development Officer project – Project
discussion and visitation of industry members in the Lockyer region.
o PRJ-008532 Soil health project – Collection of soil and ginger
samples for final analysis.
o PRJ-008308 Improved tissue culture production project – Visitation of
nursery to review development of grow out trials of issue culture
plants.
o PRJ-008532 Biosecurity project – Provision of technical support, and
collection and transport of nematode-affected ginger for fumigation
research trials.
o AOTGRI-143 Carbon trials – Provision of technical support and
conduct of monthly ratings and yield harvest.
o PRJ-009666 Supply chain management project – Provision of
technical support.
• Growers were provided with documentation and training on technical
aspects of ginger growing through industry meetings, field days and on-farm
demonstrations.
• The activities and outputs of this project were documented, published and
distributed through numerous industry communication channels.
• Because of the biosecurity activities growers have developed a better
understanding of integrated control of both Pythium and other soil borne
diseases.
• All current ginger industry permits have been adopted to at a high level by
all growers.
• By providing technical support to other ginger RD&E efforts, the benefits of
those other investments may have been increased.
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This project has seen an improvement in the level of field day attendance
and grower engagement.
Potential increase in grower profits due to access to improved pest and
disease control methods.
Increased industry capacity due to improved collaboration and technical
knowledge.

PRJ-008964: Extension, Education and Communications of R&D for the Australian Ginger
Industry.
Project Details
Research Organisation: Australian Ginger Industry Association Incorporated
Period: May 2013 to May 2015
Principal Investigator: Jann Bonsall
Rationale
This project is a continuation of the extension and education project which
commenced in 2011.
Objectives
1. To identify and engage in R&D opportunities for the industry.
2. To work in consultation with research bodies and other stakeholders to hold
information sessions where appropriate.
3. Interpretation of R&D projects and delivery of such to stakeholders.
Activities and
• Newsletters were produced containing project updates, reports from farm
Outputs
trials, information on both domestic and international R&D and marketing.
• Field days and farm visits were conducted to extend research findings,
enhance grower engagement and improve grower knowledge.
• Meetings were held with supply chain partners from chemical companies,
biotechnical service providers, equipment suppliers through to processors
and wholesalers.
• Engagement was maintained with stakeholders through face-to-face
meetings.
• The E&EO has continued to work closely with the Tech Support Extension
Officer on various projects.
• The E&EO worked on other projects related directly to the AGIA, ensuring
researchers could communicate with all stakeholders required for them to
fulfil their project obligations (J. Bonsall, pers. comm., 2016).
• The E&EO also worked with the Chair, Tech Support and other
Management Committee members to organise a workshop with growers,
researchers and suppliers to commence the framing of a revised strategic
plan including looking towards succession planning in the management of
the Industry Advisory Committee (J. Bonsall, pers. comm., 2016).
• The E&EO attended meetings with industry representative bodies to ensure
the AGIA was at the table and informed and maintained a watching brief of
industry related issues occurring around the world (J. Bonsall, pers. comm.,
2016).
Outcomes
• Improved collaboration between industry stakeholders.
• Improved dissemination of research outputs.
Impacts
• Increased industry capacity due to improved collaboration and technical
knowledge.
• Potential enhancement of benefits attributable to other ginger R&D
investments due to increased adoption.
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PRJ-009626: Induced Pythium and Fusarium Resistance in Ginger
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Hortus Technical Services
Period: November 2014 to December 2016
Principal Investigator: Jamie Zapp
Various cultural farming methods have previously been compared for their
ability to reduce Pythium Soft Rot and Fusarium wilt incidences and some
cultural methods such as minimal tillage, increased mulching and improved
drainage have been found to decrease the incidence and/or severity of the
disease. Much of this was funded by RIRDC project PRJ-005612 However,
currently the only chemical options available to Ginger growers are metalaxyl,
mancozeb and phosphorus acid and these do not provide effective control of
these diseases. There is still no effective treatment to control Pythium or
Fusarium in ginger. The end objective of this project is to create a commercially
viable treatment available to Australian ginger growers for the control of Pythium
and Fusarium diseases.
Specific objectives are:
1. Test and confirm the ability of Morflora’s plasmid vector TraitUP system to
transfer genetic material into ginger rhizomes.
2. Find an antibiotic of microbial origin that has efficacy against Pythium and
Fusarium.
3. Create or acquire a gene sequence that encodes for the above antibiotic.
4. Incorporate the required genetic sequence into a plasmid vector using
Morflora’s TraitUP system.
5. Upload the Plasmid vector into ginger and test for gene expression.
6. Small plot trials to evaluate induced Pythium and Fusarium resistance.
7. Develop a product containing a bacteria that carries the resistance encoding
plasmid to enable simple “vaccination” of seed ginger and commercial scale
production of the product.
• A new microbiology laboratory fit out was completed and National
Association of Testing Authorities, Australia accreditation is underway.
• A laboratory technician was appointed for the microbial lab.
• Morflora (an Israeli company with existing technology called “TraitUP” for
incorporating genetic material quickly and cheaply into seeds) was contacted
but declined to partner/participate in the research. A new research partner
was being sought to assist in the development of plasmid construction.
Discussions with other possible plasmid supply companies within Australia
are currently ongoing.
• Once a new partner is contracted, phase 1 of the project’s research and
development program will be to test (and adapt as required) a system that
will enable rhizomes (rather than seeds) to be “vaccinated”.
• Fusarium infected ginger samples were collected from several growers. The
Fusarium isolated from infected ginger samples has been identified to
species level using a DNA methodology.
• A Pythium isolate was sourced from a Queensland mycology library to
enable work on Pythium to commence in parallel to the Fusarium work.
• A scientific literature review was undertaken. The review identified five
promising compounds of microbiological origin that limit or inhibit fungal
growth These compounds are known to have activity against either Fusarium
and/or Pythium and genes encoding for their production in microbes is
known and available for purchasing. The compounds are: Fengycin, Iturin A,
Phenazine-1-Carboxamide, Pyoverdine, and Phloroglucinol.
• Small, synthetically made amounts of these four chemical compounds listed
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were purchased and screened in vitro for their antimicrobial activity against
locally sourced ginger pathogenic strains of Fusarium and Pythium fungi.
Three of these compounds (Pyoverdines, Iturin A and Phloroglycinol) have
shown very good in vitro suppression of both Fusarium and Pythium at very
low concentrations.
Genetic sequences for the operons encoding Iturin A, Pyoverdine and
Phloroglycinol have been previously documented and were sourced from
publicly available genetic databases (e.g. Genbank).
The project was terminated as of the 2015/16 financial year.
No further progress has been made toward bacteria based vaccines for the
control of Pythium and/or Fusarium diseases in Australian ginger.
No further research is planned at the time of writing.
Increased scientific capacity and knowledge related to the potential for
bacteria based vaccines for disease control in Australian ginger.

PRJ-009664: Health Benefits of Ginger: A Review of the Peer Reviewed Scientific Literature
Project Details
Rationale

Objectives

Activities and
Outputs

Research Organisation: Brand Story Pty Ltd
Period: May 2014 to October 2014
Principal Investigator: Steve Sheppard
In 2013 Brand Story conducted a project on behalf of RIRDC and the industry to
better understand the domestic market for Australian ginger. A key
recommendation arising from this project was to embark on a public education
campaign about health benefits of ginger and Brand Story further recommended
that any health benefit claims will need to be fully researched and substantiated
prior to public dissemination. This project flows on from the 2013 project and
requires a review of the international peer-reviewed scientific literature that has
investigated the health benefits of Australian and non-Australian Ginger.
The project objectives include:
1. Conduct a desktop review of the international peer reviewed scientific
literature that has investigated Australian and non-Australian ginger to
determine the role fresh and processed Australian ginger plays in promoting
good health.
2. Present the outcome of the review in a form the Australian ginger industry
can easily understand and use to develop for, and/or add value to, the ginger
industry within the constraints of the Australian New Zealand Food
Standards Code (FSANZ).
• A framework was created for compiling a list of all the health benefits
associated with ginger and establishing rough categories to structure the full
literature review.
• A literature review was undertaken of peer reviewed scientific research
literature in accord with this framework.
• A comprehensive library was created of the available literature across the
breadth of health benefits associated with ginger.
• A further, more in-depth, evaluation of the available literature was carried
out within shortlisted categories to determine the strength of the support for
the health benefits that represent the best opportunities for promotion by the
Australian industry. The categories included:
- Gastroprotection
- Anti-emetic
- Controls blood glucose and lipids
- Weight management
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- Antioxidant
- Anti-inflammatory
- Anti-cancer
- Anti-infection
- Miscellaneous
A shortlist of health benefits, proposed as the most valuable to the Australian
ginger industry, was compiled and presented at an industry workshop in
November 2014.
The research team recommended that the findings/claims be substantiated by
a qualified nutritional consultant and that further scientific research may be
required to provide more robust proof of the effects of specific health claims
and to potentially differentiate Australian and non-Australian ginger health
claims.
Potentially, marketers of Australian ginger will implement changes to their
product packaging, promotional and educational materials to highlight the
health benefit aspect of ginger to consumers, based on the findings of the
project.
The Australian ginger industry has produced and publicised information on
the health benefits of Australian ginger (S. Sheppard, pers. comm., 2016).
Potentially, increased demand for Australian ginger increasing profitability
of the industry.
Potentially, improved health for Australian consumers due to an increase in
consumption of Australian ginger.
Potentially, reduced risk of imported biosecurity threats due to reduced
ginger importation.

PRJ-009665: Global Ginger Market Assessment – Opportunities for Australian Ginger
Products
Project Details
Research Organisation: Colmar Brunton Pty Ltd
Period: May 2014 to October 2014
Principal Investigator: Corey Fisher
Rationale
The market for processed ginger products in Australia has flat-lined and looks
likely to lose market share to imported processed ginger. To encourage higher
ginger consumption and growth for the Australian ginger industry, growers
would like opportunities to be identified to value-add to Australian grown ginger.
An assessment of suitable packaging to improve the shelf-life of Australian fresh
and pre-packed ginger is also required.
Objectives
The core objectives of this project are to provide further understanding of the
following key areas:
1. How to optimise and improve retail sale of ginger;
2. Packaging opportunities and how to optimise this for consumer choice (e.g.
what is the demand for pre-packaged ginger? What size yields the highest
sales?);
3. Placement opportunities (e.g. in supermarket fridges) and evidence of the
impact of this here and/or in other markets;
4. Pricing opportunities;
5. Marketing activity required.
Activities and
• Scoping discussions were carried out through workshops with RIRDC and
Outputs
AGIA personnel, and other relevant stakeholders, to gain a deeper
knowledge of the objectives of the research.
• A review of previous R&D was undertaken. This review included
cataloguing of all internal client material, sourcing and cataloguing external
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literature, a full meta-analysis of previous research, desktop and industry
research, a regulatory review and additional data mining using previous
research data.
Global ginger trends were analysed utilising information from academic
journals, government reports, trade publications, company report sales data,
industry reports, online resources, product databases, other trend reports,
library resources, and knowledge sharing and commercial resources (e.g.
Retail World).
Individual, face-to-face stakeholder consultations were held with six separate
ginger processors to obtain feedback on the findings of the global ginger
trends analyses to be incorporated into the final report.
A draft report was prepared and circulated to all relevant personnel for
review.
A final report was prepared and presented to RIRDC.
The findings of the market assessment included:
- Between 2004 and 2014 there has been a significant increase in the
number of products launched that contain ginger.
- The biggest growth categories for ginger products have been sauces and
seasoning and meals.
- New ginger product launches in Australia have been consistent with
global trends.
- Across recent global product launches, health claims have been a key
feature.
- Healthcare products containing ginger are prevalent in the USA which
indicates a potential area for growth for the Australian ginger industry.
- Packaging of paste or minced ginger shows some innovation with
increasing availability of squeezable formats.
Key recommendations from the project include:
- Health is key: products offering specific health attributes will highlight
the benefits of consuming ginger.
- Product descriptions need to speak to consumer needs.
- The importance of migration: the popularity of innovations with beef and
ginger flavours in China and masala and ginger flavours in India should
encourage Australian innovation in these areas to appeal to local migrant
markets.
Potentially, the Australian ginger industry will adopt the recommendations
from the project to focus product packaging and marketing on health benefits
and consumer needs.
The Australian ginger industry is developing innovative products with new
flavours to appeal to a more diverse, multicultural target market.
Contribution to potentially increased demand for Australian ginger products
leading to a more profitable industry.
Potential contribution to the increased consumption of ginger leading to
improved health outcomes for some Australian consumers.

PRJ-009666: Best Practice Supply Chain Management Information for the Ginger Industry
Project Details
Rationale

Research Organisation: RM Consulting Group
Period: May 2014 to February 2016
Principal Investigator: Doris Blaesing
With sound post-harvest management ginger can have a shelf life of several
months, however it will deteriorate far more rapidly if these practices are lacking.
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As ginger deteriorates it becomes susceptible to pathogens and a decline in the
visual and culinary attributes sought after by consumers.

Objectives

Activities and
Outputs

Outcomes

Impacts

Supply chain management encompasses a range of considerations such as age of
the ginger at harvest, temperature, packaging, moisture and storage. This project
sought to improve management of post-harvest practices to improve food safety
and the profitability of the industry.
1. To improve knowledge and practices within ginger producing businesses and
their supply chains so that new season, young and mature ginger has the
minimum waste along the supply chain, the best possible shelf life and high
consumer appeal.
• A review of ginger post-harvest practices was conducted in conjunction with
industry consultation.
• A temperature monitoring trial was conducted, which examined
temperatures of fresh ginger at 5 different markets in Sydney, Melbourne,
Brisbane, Adelaide and Perth. Results are being communicated to growers
with suggestions for improvement where required.
• It was found that the temperature of fresh ginger when it reached its
destination when transported by refrigerated trucks varied widely. Ginger is
predominantly grown in South-East Queensland. Ginger transported to
Brisbane did not have enough time to chill and was therefore found to be
above recommended storage temperatures on arrival. Ginger transported to
more distant markets, such as Adelaide and Melbourne, where found to be
below the recommended storage temperature. Both outcomes can reduce the
shelf-life of ginger (D. Blaesing, pers. comm., 2016).
• The review also found several samples of ginger that had E. Coli levels
greater than the minimum permissible safety standard. It was recommended
that further research be carried out with a focus on food safety (D. Blaesing,
pers. comm., 2016).
• Based on the above activities, information was produced describing best
practice for post-harvest and supply chain management. Aspects targeted
included:
o Quality parameters and root sizing.
o Reducing moisture loss.
o Slowing post-harvest decay.
o Temperature management.
o Improved packaging.
• Information was communicated to industry via posters, guides, publications,
field days and other networking activities. Extension activities were tailored
towards staff and decision makers at various stages of the supply chain.
• Potentially, the Australian industry will adopt new best management
practices regarding post-harvest and supply chain management of ginger.
• Potentially, further R&D will be conducted targeting quality improvement
for Australian ginger leading to improved food safety.
• Potentially, increased grower profits due to reduced wastage and increased
quality of Australian ginger from improved supply chain management.
• Potentially, this project will contribute to future improved food safety.

PRJ-010078: Determining Pathogenicity and Methyl Bromide Control of Ginger Nematodes
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Project Details
Rationale

Research Organisation: Department of Agriculture and Fisheries Queensland
Period: September 2015 to June 2017
Principal Investigator: Mike Smith
All ginger imported to Australia must be subjected to methyl bromide fumigation
at a specified rate, with the intent being to kill potential infestations of pathogens
including burrowing nematode (Radopholus similis). However, no trials or
studies have been conducted to demonstrate that the recommended fumigation
rate is an effective treatment for that pest.
In 2014 consignments of imported Fijian ginger were found to contain live rootknot nematodes tentatively identified as Meloidogyne arenaria, despite being
treated with the mandatory fumigation. This highlighted the ineffectiveness of
the mandated treatment against internal feeding parasites, and, if Radopholus
similis (another potentially damaging nematode species) had presented in the
shipment, it is likely that it would have survived the treatment. Meloidogyne
arenaria has never been recorded in Australian ginger however it has been found
on bananas, therefore further investigation was required to ascertain the
differences between the Fijian and Australian strains of that nematode.

Objectives

Activities and
Outputs

Outcomes

Impacts

This project was funded to determine the extent of the threat posed by the two
species of nematode, and to improve treatments to prevent introduction of
additional pest species.
1. To determine the pathogenicity of the Fijian strain of Meloidogyne arenaria
compared to the Australian strain on ginger.
2. To determine an effective methyl bromide fumigation treatment that will
safeguard the Australian ginger industry from the unwanted introduction of
live plant-parasitic nematodes, such as Radopholus similis and Meloidogyne
spp., in fresh ginger imports.
• The Fijian strain of Meloidogyne arenaria was isolated and cultured from
imported ginger, while the Australian strain and Radopholus similis
nematodes were acquired from Australian banana plants.
• Live Radopholus similis recovered from Fijian ginger was imported.
• Glasshouse trials in quarantine approved glasshouses are planned with the
intent being to compare the pathogenicity of the various nematode isolates.
• Researchers at the South Australian Research and Development Institute
(SARDI) confirmed the species identity of the Australian root-knot
nematodes.
• The identity of the root-knot nematode species recovered from Fijian ginger
has been confirmed as Meloidogyne incognita, a species commonly found on
Australian ginger (M. Smith, pers. comm., 2016).
• Experiments were conducted comparing the mandated fumigation treatment
to a null control and two increased treatments - one with higher
concentration and the other with longer duration. In all cases the fumigation
rates were ineffective in controlling internal feeding root-knot nematodes.
• Researchers plan to repeat the fumigation trial one more time during the
project’s life and are conducting final pathogenicity tests with Fijian and
Australian isolates of the Meloidogyne spp. and Radopholus similis (M.
Smith, pers. comm., 2016).
• Industry now has greater awareness of the shortcomings of current
fumigation procedures applied to imported ginger.
• Potentially, improved treatment for the control of exotic nematodes will be
adopted by Australian importers to safeguard the Australian ginger industry.
• Potential reduction in losses in ginger production caused by exotic nematode
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species.
Potentially maintenance of a high level of biosecurity due to prevention of
introduction of exotic nematode species.

PRJ-010162: Regional Ginger Extension Program (R-GEP)
Project Details

Research Organisation: Australian Ginger Industry Association Incorporated
Period: July 2015 to June 2017
Principal Investigator: Jann Bonsall/Russell Parbery
Rationale
A coordinated and focused regional extension program was considered an
essential step in the pathway to impact for R&D investments.
Objectives
1. The improved broader perception that ginger producers are proactive,
innovative and cutting edge as they supply Australian markets with a large
variety of quality fresh and processed ginger produce.
2. The execution of a cutting-edge ginger growers’ field day which will bind
together growers, supply chain representatives, service industries and
governments to highlight the valuable contribution the ginger industry makes
to southern Queensland and Australia
3. Improved horticultural grower awareness of RIRDC R&D and improved
communication between growers, RIRDC, government agricultural
organisations (DAF and the Commonwealth Department of Agriculture and
Water Resources (DAWR)) and other research and development bodies
4. Coordinated implementation of an extension program that showcases
technologically advanced farming systems that are capitalising on
transformational technologies to help ginger business grow in productivity
and profitability.
5. A cohesive and resilient ginger industry that encourages individuals to seek
out leadership roles, an industry that supports individuals and businesses to
be individually and collectively proactive, and on the front foot to address
any threats to productivity and profitability.
Activities and
• Extension of R&D activities and outputs from the RIRDC Ginger R&D
Outputs
program.
• Activities aimed at supporting growers to meet current and future market
requirements.
• Activities aimed at assisting growers in addressing consumer and community
expectations, and increasing business resilience under changing conditions.
• Several extension activities have been conducted including an annual field
day, grower meetings, mentoring activities and meetings with staff in other
RD&E projects.
• Continued extension activities and technical support for work relating to
PRJ-008962 (Technical Support, Extension and Minor Use Development for
the Ginger Industry).
Outcomes
• This project has maintained a high level of field day attendance and grower
engagement (in 2016, 85% of growers who are members of the AGIA
attended) (R. Parbery, pers. comm., 2016).
• Industry adoption of improved practices including controlled release
nutrition technology, moisture temperature and electrical conductivity
monitoring equipment for nutrients, soil and leaf sap analysis, pre-emergent
herbicide efficiency gains and the use of green manure fallow cropping.
Impacts
• Potential increase in adoption of other ginger R&D outputs.
PRJ-010391: Ginger Strategic Plan and R&D priorities
Project Details

Research Organisation: Australian Ginger Association Incorporated
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Rationale

Objectives
Activities and
Outputs

Outcomes

Impacts

Period: March 2016 to June 2016
Principal Investigator: Russell Parbery
Prior to this investment AGIA had discussed the need to reset the industry’s 5year strategic R&D plan. Preliminary planning for the meeting established the
need to identify an independent facilitator to properly steer the meeting and
commit to working with AGIA, both pre- and post-meeting, to ensure the
meeting and its outputs proceeded efficiently and effectively.
• To clearly identify priority RD&E investment objectives for the next five
years.
• Mr Graeme Elphinstone was appointed as facilitator for the planning
meeting for development of the ginger industry’s 5-year strategic R&D plan
(R. Parbery, pers. comm., 2016).
• The meeting took place on February 2nd, 2016.
• In 2016, the AGIA published their new strategic plan for 2016 to 2021.
• The provision of the facilitator likely improved the efficiency and
effectiveness of the meeting and the quality of the guidance it will provide to
industry over its lifespan.
• Potential improvement in future RD&E resource allocation due to a more
effective focus on priority industry issues.
• Potential contribution to increased industry capacity.
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4. Project Investment
The Investment
The following tables show the annual investment by project for both RIRDC (Table 4) and for
researchers and any other investors (Table 5) in the RIRDC Ginger R&D Program. Table 6 provides
the total investment by year from both sources.
Table 4: Investment by RIRDC in the Ginger R&D Program for Years Ending June 2012 to June 2018
(nominal $)
Project ID
PRJ-008167
PRJ-008308
PRJ-008338
PRJ-008343
PRJ-008385
PRJ-008410
PRJ-008532
PRJ-008862
PRJ-008962
PRJ-008964
PRJ-009626
PRJ-009664
PRJ-009665
PRJ-009666
PRJ-010078
PRJ-010162
PRJ-010391
Totals

2012
12,000
0
35,000
28,760
41,000
32,000
0
0
0
0
0
0
0
0
0
0
0
148,760

2013
2,000
0
1,000
4,000
1,000
0
29,556
38,500
29,909
29,909
0
0
0
0
0
0
0
135,874

2014

2015

2016

2017

0
38,518
0
5,000
0
0
60,434
15,500
20,000
0
0
40,000
30,000
40,000
0
0
0
249,452

0
20,000
0
0
0
3,000
61,769
0
9,909
29,909
40,500
22,000
14,800
0
0
0
0
201,887

0
49,565
0
0
0
0
20,000
0
34,500
0
58,000
0
0
26,755
20,873
76,650
2,000
288,343

0
49,688
0
0
0
0
9,239
0
34,500
0
11,500
0
0
0
20,950
75,000
0
200,877

2018
0
36,307
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
36,307

Total
14,000
194,078
36,000
37,760
42,000
35,000
180,998
54,000
128,818
59,818
110,000
62,000
44,800
66,755
41,823
151,650
2,000
1,261,500

Source: RIRDC Proposals

Table 5: Investment by Researchers and Others in the Ginger R&D Program for
Years Ending June 2012 to June 2018
(nominal $)
Project ID
2012
PRJ-008167
8,000
PRJ-008308
0
PRJ-008338
0
PRJ-008343 17,710
PRJ-008385
0
PRJ-008410 25,287
PRJ-008532
0
PRJ-008862
0
PRJ-008962
0
PRJ-008964
0
PRJ-009626
0
PRJ-009664
0
PRJ-009665
0
PRJ-009666
0

2013
1,500
0
0
0
0
88,374
71,680
0
0
0
0
0
0
0

2014

2015

2016

2017

0
16,301
0
0
0
90,420
147,639
0
0
0
0
0
0
0

0
63,369
0
0
0
75,132
154,741
0
0
0
71,000
0
0
0

0
64,971
0
0
0
0
77,828
0
0
0
10,000
0
0
0

0
66,176
0
0
0
0
0
0
0
0
0
0
0
0
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2018
0
49,519
0
0
0
0
0
0
0
0
0
0
0
0

Total
9,500
260,336
0
17,710
0
279,213
451,888
0
0
0
81,000
0
0
0

PRJ-010078
0
PRJ-010162
0
PRJ-010391
0
Totals
50,997

0
0
0
161,554

0
0
0
254,360

0
0
0
364,242

68,705
40,000
0
261,504

70,320
40,000
0
176,496

0
0
0
49,519

139,025
80,000
0
1,318,672

Source: RIRDC proposals

Table 6: Total Annual Investment in the Ginger R&D Program by Year
(nominal $)
Year ending
June
2012
2013
2014
2015
2016
2017
2018
Total

RIRDC

Researchers and
Others
50,997
161,554
254,360
364,242
261,504
176,496
49,519
1,318,672

148,760
135,874
249,452
201,887
288,343
200,877
36,307
1,261,500

Total
199,757
297,428
503,812
566,129
549,847
377,373
85,826
2,580,172

Program Management and Extension Costs
The average cost of managing the Ginger R&D Program was added to the total project costs via a
management cost multiplier (x1.156); this was estimated from the Statement of Revenue and
Expenditure produced by RIRDC in the RIRDC Annual Reports for the period (RIRDC, 2015, 2014,
2013b, and 2012b). No additional costs of extension were included as the main vehicles for extension
were already included in the associated project costs.
As there were research investments recorded from a range of other organisations across the 17
projects, it was not possible to assemble estimates of multipliers from each of those sources. It was
assumed that any such management costs and overheads would be included in the other organisations’
budget planning. No additional extension costs were included as the principal vehicles for
communication/extension of the research findings had already been included in the existing project
costs.
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5. Impacts
Each of the 17 project investments was described using a logical framework that detailed the
individual project objectives, activities and outputs, outcomes, and potential impacts. These project
summaries can be found in Section 3.
From the project descriptions in Section 3, the principal potential impacts for the Ginger R&D
Program were identified. Table 7 summarises the key potential impacts identified and the contribution
to each potential impact by each of the 17 projects.
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Table 7: Contribution by Project to Principal Potential Program Impacts
Project Code

Reduced risk
of losses
associated
with exotic
pest incursion

Increased
average
yields

Increased
profitability(a)

Increased
industry or
scientific
capacity

Increased
adoption of
research
outputs

PRJ-008167
PRJ-008308
PRJ-008338
PRJ-008343
PRJ-008385
PRJ-008410
PRJ-008532
PRJ-008862
PRJ-008962
PRJ-008964
PRJ-009626
PRJ-009664
PRJ-009665
PRJ-009666
PRJ-010078
PRJ-010162
PRJ-010391
(a) This includes increased ginger demand as well as other sources of increased profits
(b) Includes costs from increased chemical use and the costs associated with adoption of BMPs
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Maintenance of
ginger
production area

Improved
control of
key ginger
diseases

Increased
chemical
usage

Increased
costs onfarm(b)

Increased
regional
income
(spillover)

From the logical frameworks in Section 3 and the key impacts described in Table 7, potential impacts
of the 17 projects then were condensed and described in a triple bottom line context in Table 8.
Table 8: Triple Bottom Line Categories of Actual and Potential Impacts from the Project Investments
Economic

•
•
•
•
•
•

Environmental

•

Social

•
•
•

Reduced risk of production losses associated with an exotic pest incursion
Increased average yields through improved control of key ginger diseases
Increased profitability through increased domestic demand
Increased adoption of research outputs and BMPs
Maintenance and possible expansion of the ginger production area
Increased costs on-farm (including increased chemical use and costs
associated with the adoption of BMPs)
Potential for negative down-stream effects because of increased chemical
use on-farm
Increased scientific capacity
Increased industry capacity
Increased regional incomes because of increased profitability of the
Australian ginger industry

Distribution of Impacts
Public versus Private Benefits
The majority of benefits identified in this evaluation are ginger industry related and therefore are
considered private benefits. Public benefits have also been delivered, including environmental
benefits and social benefits.
Some environmental and social impacts were reported in Tables 7 and 8; for example, increased
chemical use on-farm potentially leading to negative down-stream effects. Some indirect social
benefits were delivered also, including increased community incomes, often the result of spillovers
from increased ginger industry incomes.
Distribution of Impacts along the Supply Chain
Australian ginger producers will be the principal recipients of any impacts from the RIRDC Ginger
Program R&D Investment. However, ginger processing in Australia is dominated by Buderim Ginger
(taking over 95% of Australian ginger produced for processing) but there are several other, small
processors (Foster Facilitations, 2009) and these processors will share in the impacts from the RD&E
investment. Other upstream participants in the ginger supply chain (e.g. producers and marketers of
ginger farming inputs such as fertiliser providers) may also share to some extent in the impacts
produced by the program.
Impacts on Other Industries
Impacts on industries other than the ginger industry and its associated sectors may include potential
gains to other plant industries via any spillovers from the increases in both industry and scientific
capacity.
Impacts Overseas
The primary impacts overseas would be most likely scientific in nature as some of the research
findings emanating from the investments have been published in scientific literature and/or
communicated personally to overseas contacts.
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Match with National Priorities
The Australian Government’s Science and Research Priorities and Rural RD&E priorities are
reproduced in Table 9. The RIRDC Ginger R&D Program contributes primarily to Rural RD&E
priorities 2 and 4, and to Science and Research Priorities 1 and 2 with some small contributions to
priority 8.
Table 9: Australian Government Research Priorities

1.
2.
3.
4.

Australian Government
Rural RD&E Priorities
Science and Research Priorities
(est. 2015)
(est. 2015)
Advanced technology
1. Food
Biosecurity
2. Soil and Water
Soil, water and managing
3. Transport
natural resources
4. Cybersecurity
Adoption of R&D
5. Energy and Resources
6. Manufacturing
7. Environmental Change
8. Health

Sources: DAWR (2015) and Office of the Chief Scientist (OCS) (2016)
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6. Valuation of Impacts
Impacts Valued
The triple bottom line assessment identified four projects from the total population of 17 that
contributed to significant impacts. The impacts for the four projects identified were valued in
monetary terms.
Analyses were undertaken for total benefits that included future expected benefits. A degree of
conservatism was used when finalising assumptions. Sensitivity analyses were undertaken for those
variables where there was greatest uncertainty or for those that were thought to be key drivers of the
investment criteria.
Two analyses were carried out at a Ginger R&D Program level. In the first analysis, the present value
of the benefits for the four projects was compared to the specific investment costs in only the four
projects generating the benefits. This process is likely to estimate an upper bound set of investment
criteria for the Program investment as the analysis focused on the highest impact projects.
The second analysis refers to the same set of valued benefits but compared them to the total
investment in the Program population (investment in all 17 projects). As there are likely to be some
positive benefits from the projects where impacts were not explicitly valued, the results from this
second analysis are likely to represent a lower bound set of investment criteria for the Program.

Impacts Not Valued
Not all the Ginger R&D Program impacts identified in Table 8 can be valued in an assessment such as
this. This is for various reasons including time and resources, availability of baseline data,
understanding of causal relationships between the research outputs and their specific impact, and the
difficulty of placing credible monetary values on some of the environmental and social benefits
resulting from ginger RD&E investments. The Australian ginger industry is a small and emerging
industry and, as such, limited data were available to support reliable assumptions for valuation of
impacts.
The economic impacts identified but not valued included:
• Increased profitability through increased domestic demand
• Increased adoption of research outputs and BMPs
• Maintenance and possible expansion of the ginger production area
• Increased costs on-farm (including increased chemical use and costs associated with the
adoption of BMPs)
The environmental impacts identified but not valued included:
• Potential for negative down-stream effects because of increased chemical use on-farm
The social impacts identified but not valued include:
• Increased scientific capacity
• Increased industry capacity
• Increased regional incomes because of increased profitability of the Australian ginger
industry
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Pathway to Impact
A summary of the pathway to impact for the four projects valued is provided in Table 10.
Table 10: Pathway to Principal Impact by Project
Project
PRJ-008167

PRJ-008343

Key Outputs
The Industry Biosecurity Plan for
the Ginger Industry (Version 1.02013). The document includes
sections on ginger industry threat
identification, pest risk
assessments and categorisations,
risk mitigation plans, contingency
plans and response management,
and a plan review process.
The project also noted seven
recommendations to the
Australian ginger industry that
include: training in responsibilities
for PHA committee members,
development of on-farm
biosecurity training packages,
producing on-farm grower
focused awareness material,
investigation of levies to cover
biosecurity related activities,
emergency registration of
chemicals for High Priority Pests,
investigation of legal implications
of removing native ginger species,
and gaining further details on
PHA membership and signing the
EPPRD.
Recommendations and fact sheets
were produced outlining different
practices and treatments for the
control of Pythium myriotylum.
Treatments/practices include
various crop rotations, organic soil
amendments, improved subsurface
drainage, early rogueing and spot
spraying.
The project also extended the
research (including research
completed under a previous
project PRJ-005612) to growers
through industry workshops and
field days.

Outcomes/Usage
Following the publication of
the IBP, AGIA has become a
PHA member and signed the
Emergency Plant Pest
Response Deed (EPPRD). As
part of this process the ginger
industry has established a
EPPRD levy, which while
currently set at zero provides
an avenue for raising funds
should the industry be required
to respond to a pest incursion.

Principal Impacts
Reduced risk of exotic
pest incursions through
implementation of risk
mitigation plans presented
in the IBP.
Reduced potential costs to
the Australian ginger
industry in the event of an
exotic pest incursion
through improved
preparedness because of
the IBP.

AGIA now has information on
biosecurity on its website,
which provides support to
members on identifying and
evaluating biosecurity risks.
Growers and other industry
stakeholders are more aware of
exotic biosecurity threats to
the ginger industry and their
potential impact.

The project contributed to the
ongoing development of a
‘Clean Seed Scheme’ for the
Australian ginger industry to
ensure only high health
material is used and to
minimise the spread of the
disease. Further R&D is being
funded (see description of
project PRJ-008308) aiming to
provide pathogen free planting
stock to industry.
Growers have adopted control
recommendations and on-farm
quarantine measures to
minimise and prevent, where
possible, the spread of PSR.
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Increased costs on-farm
associated with the
adoption of BMPs to
control PSR.
Reduced crop losses due
to PSR because of
growers using BMPs for
disease control.

PRJ-008410

Pythium spp. and Py. ramosum
showed different levels of
aggressiveness on ginger sticks.
Isolates of P. myriotylum, except
for P. myriotylum CBS254.70
isolate, P. deliense and P.
aphanidermatum were the most
aggressive. P. heterothallicum, P.
perplexum, P. oligandrum, P.
torulosum and Py. ramosum were
non-pathogenic on ginger sticks at
27 °C.
These pathogenic species (and
strains) of Pythium and Pythiumlike species were found only to be
problematic at high temperatures
except for the ginger strains of P.
myriotylum which caused Pythium
Soft Rot at lower temperatures as
well as higher temperatures.

PRJ-008532

Seedlings of several crop species
commonly used in rotation in
ginger fields were tested against
cultures of Pythium spp. and
Pythium-like organisms to
calculate a disease index for each
rotation crop.
The project determined that
disease suppression was a
biological phenomenon. This was
proven by removing the soil
biology through soil pasteurisation
thus removing the beneficial
organisms. Research suggests that
building an abundant and diverse
microbial community in the soil is
important in restoring fertility and
soil health. Reduction of inocula
loads and suppression of Pythium
myriotylum through the activities
of fungal antagonists are
important in bringing PSR under
control.

Because of the high level of
industry adoption of PSR
control recommendations,
some growers are growing
very good crops on lands that
had been abandoned due to
severe disease pressure.
Data produced by the project
have contributed to better
information for growers
regarding rotation programs to
reduce Pythium related
diseases in Australian ginger
crops.

Contribution to improved
best management
practices (BMPs) for the
control of Pythium Soft
Rot in Australian ginger
crops leading to increased
average yields.

Growers are now using cover
cropping more effectively and
are themselves experimenting
with a broader range of crops.
The use of crops that are nonhosts of Pythium myriotylum,
as well as non-hosts of rootknot nematode, are very
important considerations.
Studies have shown that mixed
cereal/legume crops are
contributing significant
amounts of carbon and
nitrogen back into the
production system, while also
contributing to soil health by
increasing the diversity of
microbial communities in the
soil
The findings of this project
may be used by growers to
make better decisions
regarding management of soil
health issues to assist in the
control of prevalent soil borne
diseases in the Australian
ginger industry. Improved
management includes
increasing organic matter
through cover cropping and/or
soil amendments to improve
control of PSR and nematodes.
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Potential contribution to
improved control of soil
borne diseases through
better management of soil
health.

Assumptions for Valuing the Impacts
Two key potential impacts were identified from the four projects selected for valuation, these are:
1. Reduced losses (in terms of production value) to the Australian ginger industry from
improved management and control of Pythium Soft Rot through the adoption of best
management practices on-farm for disease control.
2. Reduced losses (in terms of production value) to the Australian ginger industry from the
incursion of an exotic pest/disease because of improved preparedness (leading to reduced risk
of establishment, spread and negative impacts) because of the Industry Biosecurity Plan.
The valuation of each potential impact is described in more detail in the following sections.

Economic Evaluation of impact of improved management and control of
Pythium Soft Rot (PSR) in Australian ginger
PSR has caused substantial damage to the Australian ginger industry since its first emergence in the
2007/08 season, peaking at an estimated 25% in lost value (Mike Smith, pers. comm., 2016). This
decrease in value was due to reduced yields in moderately affected fields, and areas with severe
outbreaks being forced out of production.
Three key RD&E projects were conducted in response to PSR under the current RIRDC Ginger R&D
Program. As a result of these projects the industry has implemented a range of cultural and chemical
controls which have enabled effective management of PSR, thereby reducing losses to the industry.
The RD&E projects in this cluster/program assessed as having contributed to this outcome are:
•

•
•

PRJ-008343: Controlling Pythium in Ginger Phase 2 (2012 to 2014) (a continuation of
funding from project PRJ-005612: Controlling Pythium in Ginger Phase 1 which was
completed in 2011. See the logical framework for PRJ-008343 for more detail.)
PRJ-008410: Assessment of Pythium Diversity in Ginger (2012 to 2015)
PRJ-008532: Improving Soil Health to Supress Soil-Borne Diseases of Ginger (2013 to 2017)

The Counterfactual
Given the extent of the PSR problem, the Australian ginger industry, through the AGIA or other
industry body, would most likely have funded research into the management and control of PSR
anyway. However, this investment would have commenced later than under the Ginger R&D Program
and resulted in slower adoption of research outputs.
Indicative Assumptions
The additional costs of control measures are likely to vary substantially based on the extent of threat
posed by PSR in particular regions and the type of controls that are implemented. These costs may
range from relatively minor activities such as spot spraying ($75/ha) to practices aimed at increasing
soil organic carbon ($1850/ha) (Mike Smith, pers. comm., 2016). Given the counterfactual assumed,
the potential additional costs would be incurred both with and without the investment being analysed
and would therefore cancel out.
A summary of the specific assumptions made is provided in Table 11.
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Table 11: Summary of Assumptions for Valuing Reduced PSR Impact
Variable

Assumption
Source/Comment
WITH Ginger R&D Program Investment
First year of impact
2016
Agtrans Research based on project
completion dates and delivery of
research outputs
Assumed annual production value
5% p.a.
Agtrans Research based on expert
lost because of PSR with the Ginger
consultation with M. Smith
R&D Program investment
Year in which assumed minimum
2018 (3 years after
Agtrans Research
annual production losses are
first impact)
achieved
WITHOUT Ginger R&D Program Investment
First occurrence of PSR in
2007/08 season
M. Smith, pers. comm., 2016
Australian ginger crops
Average annual value of the
$27.91 million p.a.
Based on production value 2006 to
Australian ginger industry
2015 with data provided by R.
(including fresh and processed
Parbery, AGIA 2016
ginger) given existing losses to PSR
Average annual production lost due
20% p.a.
Agtrans Research based on PSR
to PSR since 2008
loss data provided by M. Smith,
2008 to 2015
Estimated average annual value of
$34.89 million p.a.
$27.91m x (1/1-20%)
the Australian ginger industry (fresh
and processed) before PSR losses
Additional cost of RD&E
$1,000,00 over 5
Based on total PSR RD&E spend
undertaken by the ginger industry
years commencing
under the Ginger R&D Program
targeting PSR in the absence of the
2015 (to 2019)
(2012 to 2017)
RIRDC Ginger R&D Program
First year of impact
2020
Agtrans Research
Assumed annual production value
20% p.a. from 2016
Agtrans Research based on
lost because of PSR without the
to 2019 then
historical average annual losses
Ginger R&D Program investment
decreasing to 5% by followed by improvements from
2024, and then
the RD&E in line with the WITH
stabilising at 5%
investment scenario
Attribution to Projects within the RIRDC Ginger R&D Program (2012-2017)
Investment in prior project PRJ$237,263
M. Smith, pers. comm., 2016
005612: Controlling Pythium Phase
(completed in 2011)
1
(nominal)
Investment in corresponding current $1,002,569
RIRDC project contracts
project PRJ-008343 Controlling
(nominal)
Pythium Phase 2, PRJ-008410 and
PRJ-008532
Attribution of PSR benefits to the
81%
$1,002,569/($1,002,569+$237,263)
existing investment in the Ginger
R&D Program (2012 to 2017)
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Economic Evaluation of impact of an Industry Biosecurity Plan for
Australian Ginger (PRJ-008167)
The Industry Biosecurity Plan for the Australian ginger industry identified, through a threat analysis,
the top four exotic pest threats (High Priority Pests) to the Australian ginger industry (PHA, 2013).
They are:
1. Yam scale; Rhizome scale
2. Fijian ginger weevil
3. Burrowing nematode
4. Bacterial wilt
The overall threat level is assessed through the probability of entry, establishment once entry occurs,
spread after establishment, and economic implications of spread. The four pests identified were each
given a rating of ‘high’ for risk of entry which, within the definition in the risk assessment
undertaken, is described as ‘pest entry is very likely or certain’ as determined based on several factors
including data on pests being intercepted in imports of ginger and ability of the pests to be present in
rhizomes imported into Australia (S. Taylor, pers. comm., 2016).
Activities to reduce the risk along the pathway to impact can occur at any of these stages (entry,
establishment, spread, and impact). While the first event is usually managed by government via
quarantine measures, the ginger industry can attempt to influence imports of material that may
constitute a risk. Other industry influences can involve increased general awareness and training,
surveillance, nursery hygiene, rigorous assessment of planting material, management of host plants,
and best management practices that cover some, or all, of the above issues.
Both the creation and availability of the plan can raise levels of industry awareness of the key
biosecurity issues and may lead to subsequent research (e.g. development of improved tests) and other
industry activities that may reduce the risks along the exotic disease/pest impact pathways.
The Counterfactual
It is assumed that, given the risk posed to the Australian ginger industry by exotic pests, the industry,
through the AGIA or other industry body, would most likely have funded research to develop a ginger
IBP anyway. However, this investment would have commenced much later than under the Ginger
R&D Program.
Indicative Assumptions
It is assumed that the IBP will not influence the probability of entry of the HPPs, will have a marginal
influence on the probability of establishment given entry, and a more significant influence on
containing its spread, and its industry impact. Also, it is assumed that the total cost of management
and control of an incursion will be less where awareness and preparedness have been increased due to
the plan.
A summary of the specific assumptions made is provided in Table 12.
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Table 12: Summary of Assumptions for Valuing IBP Impact
Variable

Assumption
Source/Comment
WITH IBP from PRJ-008167 Investment
First year of potential incursion
2018
Agtrans Research based on
(potential for incursions included for
IBP published in 2013 and no
the period 2018 to 2048)
incursions documented for
2013 to 2017.
Probability of entry of any one of the
10% p.a.
Agtrans Research based on
top four High Priority Pests (HPPs)
the underlying assumption
40%
discussed above that the IBP
Probability of establishment of any one
will not influence the
of the top four HPPs after a confirmed
probability of entry of the
incursion
HPPs, will have a marginal
25%
Probability of spread of any one of the
influence on the probability
top four HPPs after establishment
of establishment given entry,
75%
Probability of impact because of the
and a more significant
incursion, establishment and spread of
influence on containing its
any one of the top four HPPs
spread, and its industry
impact.
Value of expected annual losses WITH
$52,338
(25% x $27.91 million) x
the IBP
(10% x 40% x 25% x 75%)
Additional cost of managing an
$750,000 p.a.
Agtrans Research based on
outbreak (management and control
improved preparedness
costs during period of impact)
leading to improved
efficiency and effectiveness
of management and control
practices
Additional costs of preparedness
$30,000 p.a. from
Agtrans Research(a) based on
(including industry training etc.)
2018
the total investment costs
incurred for the IBP under the
RIRDC Ginger R&D
Program
WITHOUT IBP from PRJ-008167 Investment
First year of potential incursion
2018
Agtrans Research based on
(potential for incursions included for
IBP published in 2013 and no
the period 2018 to 2048)
incursions documented for
2013 to 2017.
Probability of entry of any one of the
10% p.a.
Agtrans Research based on
top four HPPs
risk assessment information
50%
contained within the IBP
Probability of establishment of any one
(PHA, 2013)
of the top four HPPs after a confirmed
incursion
50%
Probability of spread of any one of the
top four HPPs after establishment
100%
Probability of impact because of the
incursion, establishment and spread of
any one of the top four HPPs
Period of impact after which it is
10 years
Agtrans Research
assumed that various management and
control options are developed and
industry costs are reduced to zero
Average annual value of the Australian
$27.91 million p.a.
Based on production value
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Variable
ginger industry (including fresh and
processed ginger)

Assumption

Potential annual industry losses
resulting from a major biosecurity
incursion
Value of expected annual losses
without an IBP
Additional cost of managing an
outbreak (management and control
costs during period of impact)
Additional R&D carried out by
industry to develop an IBP

25% of industry
value

First year of impact for industry
developed biosecurity plan
Probability of potential entry,
establishment, spread and impact for
any one of the top four HPPs with an
industry developed biosecurity plan
Value of expected annual losses with
an industry developed biosecurity plan
Additional cost of managing an
outbreak (management and control
costs during period of impact) with
industry developed biosecurity plan

2023

Additional costs of preparedness
(including industry training etc.) with
industry developed biosecurity plan

$30,000 p.a. from
2023

$174,459 p.a.
$1,000,000 p.a.
$30,000 project
undertaken in 2022

10%, 40%, 25%,
75%. As per ‘WITH
IBP investment’
scenario
$52,338
$750,000 p.a. from
2023

Source/Comment
2006 to 2015,
Data provided by R. Parbery,
AGIA 2016
Agtrans Research based on
consultation with industry
personnel
(25% x $27.91 million) x
(10% x 50% x 50% x 100%)
Agtrans Research
Agtrans Research based on
the total investment costs
incurred for the IBP under the
RIRDC Ginger R&D
Program
Agtrans Research
Agtrans Research (see
previous)
(25% x $27.91 million) x
(10% x 40% x 25% x 75%)
Agtrans Research based on
improved preparedness
leading to improved
efficiency and effectiveness
of management and control
practices
Agtrans Research(a) based on
the total investment costs
incurred for the IBP under the
RIRDC Ginger R&D
Program

(a) Current biosecurity RD&E for the ‘with’ scenario is included in the investment costs of the RIRDC Ginger
R&D Program for 2012 to 2017.
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7. Results
All past costs and benefits were expressed in 2015/16 dollar terms using the Implicit Price Deflator
for GDP. The RIRDC components of project investment costs were all multiplied by a factor of 1.156
to accommodate program management costs. All benefits after 2015/16 were expressed in 2015/16
dollar terms. All costs and benefits were discounted to 2015/16 using a discount rate of 5%. A
reinvestment rate of 5% was used for estimating the MIRR. The base analysis used the best available
estimates for each variable, notwithstanding a high level of uncertainty for many of the estimates. All
analyses ran for the length of the investment period plus 30 years from the last year of investment
(2017/18) to the final year of benefits assumed.
Tables 13 and 14 show the investment criteria estimated for the different periods of benefits for both
the total investment and for the RIRDC/industry investment respectively. These investment criteria
account for the cost of all 17 projects but benefits from only the four projects where benefits were
valued. These investment criteria therefore represent the lower bound for return on investment in the
population of projects evaluated in the Ginger R&D Program.
The present value of benefits (PVBs) for the RIRDC investment, shown in Tables 14 and 16, are
estimated by multiplying the total PVB by the RIRDC proportion of investment in each scenario.
Table 13: Lower Bound Investment Criteria for Total Investment in the 17 Projects
(Discount rate 5%, Re-investment rate 5%)
Investment criteria
0
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio
Internal rate of return (IRR) (%)
Modified IRR (%)

5
9.4
2.9
6.5
3.2
61.0
10.1

Years from year of last investment
10
15
20
21.4
23.0
23.3
23.3
2.9
2.9
2.9
2.9
18.4
20.1
20.4
20.4
7.3
7.9
8.0
8.0
73.8
73.9
73.9
73.9
13.1
13.4
13.5
13.5

25
23.3
2.9
20.4
8.0
73.9
13.5

30
23.3
2.9
20.4
8.0
73.9
13.5

Table 14: Lower Bound Investment Criteria for RIRDC Investment in the 17 Projects
(Discount rate 5%, Reinvestment rate 5%)
Investment criteria
0
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio
Internal rate of return (IRR) (%)
Modified IRR (%)

5
5.0
1.5
3.4
3.2
61.0
10.1

Years from year of last investment
10
15
20
11.3
12.1
12.3
12.3
1.5
1.5
1.5
1.5
9.7
10.6
10.8
10.8
7.3
7.9
8.0
8.0
73.8
73.9
73.9
73.9
13.2
13.5
13.6
13.6

25
12.3
1.5
10.8
8.0
73.9
13.6

Tables 15 and 16 show the investment criteria estimated for the different periods of benefits for the
investment in the four projects where benefits were valued but include the costs of only these four
projects. These results therefore represent the upper bound of return on Program investment.
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30
12.3
1.5
10.8
8.0
73.9
13.6

Table 15: Upper Bound Investment Criteria for Total Investment in the
Four Projects where Impacts Valued
(Discount rate 5%, Re-investment rate 5%)
Investment criteria
0
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio
Internal rate of return (IRR) (%)
Modified IRR (%)

9.4
1.2
8.3
8.0
93.4
12.4

Years from year of last investment
5
10
15
20
25
21.4
23.0
23.3
23.3
23.3
1.2
1.2
1.2
1.2
1.2
20.2
21.8
22.2
22.2
22.2
18.2
19.6
19.9
19.9
19.9
102.2
102.3
102.3
102.3
102.3
15.3
15.6
15.6
15.6
15.6

30
23.3
1.2
22.2
19.9
102.3
15.6

Table 16: Upper Bound Investment Criteria for RIRDC Investment in the
Four Projects where Impacts Valued
(Discount rate 5%, Reinvestment rate 5%)
Investment criteria
0
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio
Internal rate of return (IRR) (%)
Modified IRR (%)

5.0
0.3
4.6
14.4
118.0
14.5

Years from year of last investment
5
10
15
20
25
11.3
12.1
12.3
12.3
12.3
0.3
0.3
0.3
0.3
0.3
10.9
11.8
12.0
12.0
12.0
32.7
35.3
35.8
35.8
35.8
125.0
125.0
125.0
125.0
125.0
17.5
17.7
17.8
17.8
17.8

The total PVB is made up of two key benefits described in Section 6. Table 17 shows the relative
contribution of each benefit to the total PVB.
Table 17: Contribution of Individual Benefits to the Total PVB
Benefit
Industry Biosecurity Plan Impact
Reduced PSR Impact
Total Benefits

PVB ($m)
3.7
19.6
23.3

% of Total PVB
16%
84%
100%

The annual undiscounted benefit and cost cash flows for the total investment for the duration of
investment period plus 30 years from the last year of investment are shown in Figure 1.
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30
12.3
0.3
12.0
35.8
125.0
17.8

Figure 1: Annual Undiscounted Cash Flows for Estimated Total Benefits and Total RD&E Investment
Costs for the RIRDC Ginger R&D Program
5.00

Undiscounted Cash Flow ($m)

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50

Total Benefits

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

2014

2012

0.00

Total Investment Costs

Sensitivity Analysis
Sensitivity analyses were undertaken for those variables where there was greatest uncertainty or for
those that were thought to be key drivers of the investment criteria. The analyses were performed for
the total investment and with benefits taken over the life of the investment plus 30 years from the last
year of investment. All other parameters were held at their base values.
A sensitivity analysis was carried out on the discount rate, Table 18 presents the results. Note that this
analysis is for the four projects where benefits were valued but includes the investment for all 17
projects (lower bound). The results showed a low sensitivity to the discount rate.
Table 18: Sensitivity to Discount Rate (Lower Bound Analysis)
(Total investment, 30 years)
Investment Criteria
0%
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio

28.1
2.8
25.4
10.2

Discount rate
5% (base)
23.3
2.9
20.4
8.0

10%
19.9
3.1
16.8
6.4

Two key benefits contributed to the total present value of benefits estimated for the Ginger R&D
Program (see Table 17). A sensitivity analysis was carried out on a key variable for each benefit.
Tables 19 and 20 show the result of these analyses.
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A sensitivity analysis was carried out on the assumption related to the estimated average annual
industry losses (in terms of a proportion of production value) over time for the reduced PSR impact.
The results showed a low sensitivity to loss assumption. Table 19 shows the results.
Table 19: Sensitivity to Assumed Average Annual Production Losses (Lower Bound Analysis)
(Total investment, 30 years)
Investment Criteria

Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio

Pessimistic
Without Investment:
20% in 2019 decreased
to 10% from 2024
onward

Discount rate
Base
Without Investment:
20% in 2019
decreased to 5% from
2024 onward

With Investment: 15%
in 2015 decreasing to
10% from 2018 onward
17.3
2.9
14.3
5.9

With Investment: 15% With Investment: 15%
in 2015 decreasing to
in 2015 decreasing to
5% from 2018 onward 2.5% from 2018 onward
23.3
26.4
2.9
2.9
20.4
23.5
8.0
9.0

Optimistic
Without Investment:
20% in 2019 decreased
to 2.5% from 2024
onward

A sensitivity analysis was carried out on the probability of entry of one of the four High Priority Pests
listed in the Industry Biosecurity Plan. The results (Table 20) showed a low sensitivity to the
probability of entry, likely due to the relatively minimal contribution of the IBP benefits when
compared with the reduced Pythium benefit.
Table 20: Sensitivity to the Probability of Entry of a High Priority Pest (Lower Bound Analysis)
(Total investment, 30 years)
Investment Criteria
Present value of benefits ($m)
Present value of costs ($m)
Net present value ($m)
Benefit-cost ratio

Probability of Entry/Incursion
0% p.a.
10% p.a. (base)
20% p.a.
19.8
23.3
28.1
2.9
2.9
2.9
16.9
20.4
25.2
6.8
8.0
9.6

Confidence Ratings
The results produced are highly dependent on the assumptions made, many of which are uncertain.
There are two factors that warrant recognition. The first factor is the coverage of benefits. Where
there are multiple types of benefits it is often not possible to quantify all the benefits that may be
linked to the investment. The second factor involves uncertainty regarding the assumptions made,
including the linkage between the research and the assumed outcomes.
A confidence rating based on these two factors has been given to the results of the investment analysis
(Table 21). The rating categories used are High, Medium and Low, where:
High:
Medium:
Low:

denotes a good coverage of benefits or reasonable confidence in the assumptions
made
denotes only a reasonable coverage of benefits or some uncertainties in
assumptions made
denotes a poor coverage of benefits or many uncertainties in assumptions made
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Table 21: Confidence in Analysis of Program
Coverage of Benefits

Confidence in
Assumptions

Medium

Medium

Summary of Results
Funding for the four projects where impacts were valued totalled approximately $1.2 million (present
value terms) and produced aggregate total expected benefits of approximately $23.3 million (present
value terms). This gave an estimated net present value of $22.2 million, a benefit-cost ratio of
approximately 19.9 to 1, an internal rate of return of 102.3% and a modified internal rate of return of
15.6%. The four projects valued represented approximately 40% of total funding for the 17 projects in
the project population.
When the benefits for the impacts valued were compared to the total investment in all projects in the
population, this lowered the investment criteria. Funding for all projects in the population totalled
$2.92 million (present value terms). When compared to the same value of benefits from the four
projects ($23.3 million), the investment produced a net present value of approximately $20.4 million
(present value terms), a benefit-cost ratio of approximately 8.0 to 1, an internal rate of return of
73.9%, and a modified internal rate of return of 13.5%.
It can be concluded, given the assumptions made, that the benefit-cost ratio for the investment in the
Ginger R&D Program lies somewhere between 8.0 and 19.9 to 1.
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8. Conclusions
Assessment of the Investment
The logical framework used in this evaluation provided a qualitative description and assessment of all
the projects in the population and has provided useful information for both demonstrating
accountability for past investment decisions as well as for the allocation of Program resources in the
future. All projects in the population appeared to have delivered some outputs. Many, but not all
projects have been associated with positive outcomes for industry resulting in increased industry
productivity and profitability. Some projects have delivered scientific and industry capacity that can
provide future gains.
Program Objectives
The 17 projects in the population were aligned with the three strategic priorities of the Program as
outlined in the Ginger R&D Priorities and Strategies (2012-2017). Each of the three strategic
priorities appear to have been addressed by at least one project.
Investment Criteria
The valuation of impacts from four projects out of the 17 projects in the population has covered a
moderate proportion of projects (24%) and, at $1.2 million (present value terms), represents 40% of
the total Program investment.
The expected values of the impacts from four projects were estimated in monetary terms. Through
valuing benefits from only four of the 17 projects included in the project population, the investment in
the total population provided positive investment criteria. It is estimated that, as a lower bound, the
Program provided a benefit-cost ratio of 8.0 to 1. This indicates a lower bound of returns from the
Program and assumes no other projects outside the four produced any benefits.
When benefits from the four projects were compared with the investment costs of only the four
projects, the benefit-cost ratio was 19.9 to 1. This indicates an upper bound of Program performance.
The overall result should be viewed positively by RIRDC, the ginger industry, and policy personnel
responsible for allocation of public funds.

Discussion and Observations for the Future
Based on the assumptions made, the nominal investment of $23,500 for the development of the
Ginger Industry Biosecurity Plan paid for itself with a present value of benefits estimated at
approximately $3.7 million. Likewise, the investment in three projects contributing to the improved
management and control of PSR (PRJ-008343, PRJ-008410, and PRJ-008532) of approximately $1.0
million (nominal dollars) paid for itself with a present value of benefits estimated at $19.6 million.
Apart from improvements in the management and control of PSR, the R&D investment areas of
biosecurity planning appeared to provide important and measurable impacts and should be considered
for further investment in future.
Regarding the evaluation process itself, documentation held by RIRDC was comprehensive and made
available to the evaluators in an efficient manner. Likewise, the responses from the Principal
Investigators and ginger industry personnel to requests for further information were, generally, timely
and helpful.
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One information area that could be strengthened by the industry in future is the monitoring of various
practice changes and how RD&E investments in projects have enhanced adoption. In the current
evaluation, there appeared to be a lack of monitoring and assembly of evidence on which to base
assumptions of practice change including numbers of adoptees.
In terms of economic evaluation, the data resulting from these monitoring activities can be critical in
making evidence based assumptions in future regarding changes driven by RD&E investment. In turn
this may allow assumptions associated with investment analysis of all ginger RD&E investments, as
well as in future capacity building projects, to be made with more confidence.
Recommendations
The industry should further develop its capacity to monitor the status, development, levels of
adoption, and value of industry BMPs over time.
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