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Executive summary 
What the report is about 

The purpose of this evaluation was to assess the economic, environmental and social impacts of the 
investment by AgriFutures Australia and total industry investment into projects in the Crop Yield 
Productivity Cluster in which AgriFutures Australia invested between 2016-17 and 2021-22 under the 
Rice Program RD&E Plan 2016-17 to 2021-22 (AgriFutures Australia, 2016).  

Who is the report targeted at? 

The audience for this report is AgriFutures Australia’s project and program managers and senior 
management, its Rice Advisory Panel, and its Board, the Australian rice industry, researchers, the 
Commonwealth Department of Agriculture, Water and the Environment, and the Council of Rural 
Research & Development Corporations. 

Where are the relevant industries located in Australia? 

The rice industry is concentrated in the Murrumbidgee valleys of NSW and in the Murray valleys of 
NSW and VIC (DAWE, 2020). There are some much smaller production regions in northern NSW 
and northern QLD. 

Background 

As part of the Rice Program RD&E Plan 2016-17 to 2021-22, AgriFutures Australia invests in a 
number of projects that have the objective of improving crop yield productivity. These projects are 
agronomic research and breeding/genetic research that is supported by an extension program. 

The agronomic projects aim to improve production efficiency and farm returns by increasing grain 
yield, reducing crop inputs, and improving crop protection measures (e.g. weeds and pests). The rice 
breeding projects aim to address key constraints in lifting crop yields, both per hectare and per 
megalitre (ML) of irrigation water, while maintaining rice quality. The projects that aim to increase 
crop yield productivity are also closely linked to the objective of improving water-use efficiency. 

AgriFutures Australia faces the challenge of demonstrating the value, benefits and impacts it delivers 
to its stakeholders through funding RD&E in the rice industry. These stakeholders are government, 
the levy payers from the industry, other industry stakeholders and the broader community. To address 
this challenge, AgriFutures Australia requested the preparation of economic impact assessments of 
projects it funds under the Rice Program RD&E Plan 2016-17 to 2021-22. The impact assessment of 
the projects that aim to increase crop yield productivity described in this report was prepared as part 
of the overall economic impact assessment of the Plan. 

Aims/objectives 

The objective of this report was to conduct and report on an impact assessment of AgriFutures 
Australia’s investment into a cluster of projects targeted at improving crop yield productivity. This 
impact assessment is one of four assessments of project clusters funded under AgriFutures Australia’s 
Rice Program RD&E Plan 2016-17 to 2021-22. The reports on all four assessments are collated into 
one summary report. They will be used by the AgriFutures Rice Advisory Panel to assist in 
prioritising future investments in the Rice Program. Specifically, the findings quantify the benefits to 
industry provided by research funded by AgriFutures Australia through the rice industry RD&E levy. 
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Methodology 

The evaluation of AgriFutures Australia’s investment into the Rice Program RD&E Plan followed the 
general evaluation methodology detailed in the CRRDC Impact Assessment Guidelines (CRRDC, 
2018). The methodology is well entrenched in the Australian primary industry research sector, 
including rural R&D corporations, state departments of agriculture, cooperative research centres and 
some universities. Subjective and objective assessments are included, with benefit-cost analysis being 
the main means of assessment. 

AgriFutures Australia provided an initial list of 51 projects. After a review, 21 projects were excluded 
because they had been in the 2016 impact assessment, were projects about the Rice R&D levy, had 
been terminated by AgriFutures Australia before completion, or there was insufficient information for 
assessment. The 30 remaining projects were then grouped into four clusters: 

1. Crop Yield Productivity 
2. Water-Use Efficiency 
3. Rice Quality and Premium-Priced Markets 
4. Capacity Building. 

An impact assessment was conducted on the 11 projects included in the Crop Yield Productivity 
Cluster. This report provides details of the assessment on this cluster. 

For each project in the Crop Yield Productivity Cluster, the methodology involved identifying and 
briefly describing project objectives, activities and outputs, and potential and actual outcomes and 
impacts. The principal economic, environmental, and social impacts were then summarised in a triple 
bottom line framework. These impacts were then quantified, where possible, based on assumptions 
after discussions with AgriFutures Australia program managers, project researchers and industry 
experts. A benefit-cost analysis was then conducted as per CRRDC guidelines. 

All past costs and benefits were expressed in 2019-20 dollar terms using the Implicit Price Deflator 
for Gross Domestic Product (ABS, 2020). All benefits after 2019-20 were expressed in 2019-20 dollar 
terms. The base analysis used the best estimates of each variable, notwithstanding a high level of 
uncertainty for many of the estimates. All analyses ran for a period of 30 years after 2019-20. 

The assumptions for each benefit-cost analysis were conservative. For each analysis, sensitivity 
analyses were undertaken for several assumptions that had the greatest degree of uncertainty or for 
those that were seen to be key drivers of the investment criteria.  

Results and key findings 

A total of 17 individual impacts were identified in the Crop Yield Productivity Cluster: nine were 
classified as economic; three as environmental; and five as social. Many of the economic impacts 
were then quantitatively assessed. 

The impacts identified but not valued include: 

• Reduction in production risk arising from lower demand for water.  
• Cost savings from the plant and grain analysis provided to other rice projects.  
• The contribution of the projects in the cluster to a reduction in chemical usage in the environment 

from improved disease resistance. 
• The contribution of the projects in the cluster to a reduction in chemical and nitrogen usage in the 

environment by ensuring that growers do not overuse chemicals and nitrogen. 
• Contribution to Australia’s ‘clean, green’ image due to less demand on scarce water resources 

and lower use of chemicals and nutrients. 
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• The spillover social impacts to the rural communities where rice processing plants are located 
that arise from ensuring maintenance and growth of the rice industry, including job opportunities 
and the social and community linkages and support. 

• Improved societal perception of the rice industry as a sustainable industry. 

These impacts were not valued because of the lack of available information on these spillovers. That 
is not to say that these impacts are not valuable and important. They are very important, but the 
methodology and lack of data does not enable valuation. 

The results from the assessment of the economic impacts show that the investment by AgriFutures 
Australia and its partners of $24.08 million (present value) in the 11 projects in the Crop Productivity 
Cluster provides a very strong return, with a net present value (NPV) of just under $130 million and a 
benefit-cost ratio (BCR) of 6.39:1 on a 30-year investment horizon. This generates a modified internal 
rate of return (MIRR) of 10.4% after 30 years. After five years, the NPV is still negative (i.e. the 
discounted sum of the project costs outweighs the discounted sum of the benefits). Breakeven returns 
are achieved in year 6 (see Table 1).  

Table 1: Results from impact assessment of the Crop Yield Productivity Cluster 

Investment Criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $0.05 $17.70 $51.08 $78.31 $100.21 $117.81 $131.94 
Present value of costs ($m) $20.21 $24.12 $24.12 $24.12 $24.12 $24.12 $24.12 
Net present value ($m) -$20.16 -$6.42 $26.96 $54.19 $76.09 $93.69 $107.82 
Benefit-cost ratio 0.00  0.73 2.12 3.25 4.15 4.88 5.47 
Internal rate of return (%) N/A -2.3% 15.3% 18.7% 19.7% 20.1% 20.2% 
Modified internal rate of return (%) -100.0% 0.3% 10.9% 11.9% 11.6% 11.0% 10.4% 

There are two sets of investments in the Crop Yield Productivity Cluster. One involves agronomic 
projects and the other is for breeding/genetics projects. The investment criteria for each set are shown 
in Table 2 (agronomy) and Table 3 (breeding). The returns on investment for both sets of projects are 
strongly positive. On a total $ return basis, the breeding investments generate the highest NPV at 
$80.68 million after 30 years, compared with $49.06 million from the agronomy investments. 
However, the total $ invested in agronomy projects is significantly lower than in breeding projects, so 
the BCR for the agronomy group was higher, at a robust 8.23. The BCR for the breeding projects was 
still a very healthy 5.67. The projected breakeven for the agronomy and breeding projects was 
achieved in year 3 and year 5, respectively.  

Table 2: Investment criteria for the agronomy investment in the Crop Yield Productivity 
Cluster (discount rate 5%) 

Investment Criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $1.80 $14.71 $26.81 $36.58 $44.44 $50.76 $55.85 
Present value of costs ($m) $6.79 $6.79 $6.79 $6.79 $6.79 $6.79 $6.79 
Net present value ($m) -$4.99 $7.92 $20.02 $29.79 $37.65 $43.97 $49.06 
Benefit-cost ratio  0.26 2.17 3.95 5.39 6.55 7.48 8.23 
Internal rate of return (%) -38.3% 16.7% 22.9% 24.3% 24.7% 24.8% 24.9% 
Modified internal rate of return (%) -24.6% 12.2% 14.3% 13.7% 12.8% 12.0% 11.2% 
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Table 3: Investment criteria for the breeding investment in the Crop Yield Productivity 
Cluster (discount rate 5%) 

Investment Criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $1.04 $21.12 $43.71 $62.02 $76.71 $88.50 $97.97 
Present value of costs ($m) $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 
Net present value ($m) -$16.26 $3.83 $26.42 $44.72 $59.42 $71.21 $80.68 
Benefit-cost ratio  0.06 1.22 2.53 3.59 4.44 5.12 5.67 
Internal rate of return (%) N/A 5.9% 15.1% 17.5% 18.3% 18.6% 18.7% 
Modified internal rate of return (%) -43.4% 5.6% 10.7% 11.1% 10.8% 10.4% 9.9% 

A conservative approach has been used with the assumptions made for the economic assessment; 
there is some uncertainty about a number of the assumptions used in the analysis. Sensitivity analysis 
shows that the results are sensitive to certain assumptions. Overall, the sensitivity analysis shows that 
the NPV of the cluster could be as high as $211.68 million and as low as $70.90 million, while the 
BCR could be as high as 9.58:1 and as low as 3.94:1. Even with the lowest result, the project still 
returns positive results, including an MIRR of 8.8% at a 5% discount rate. The results were most 
sensitive to the assumption about the discount rate used, the farmgate price of rice and the yield 
improvement arising from breeding investment.  

When all assumptions and ranges are combined using stochastic modelling, 75% of outcomes occur 
between a BCR of 2:1 and 8:1 for the cluster (Figure 1). 

Figure 1: 30-year BCR distribution outcomes for the Crop Yield Productivity Cluster at 5% 
discount rate 
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Implications for stakeholders 

The results from the impact assessment on the Crop Yield Productivity Cluster indicate a very strong 
economic return on the rice industry investment in the projects that ultimately aim to lift the 
productivity of the rice industry. There are also significant environmental and social benefits that the 
projects in the cluster contribute to that could not be quantified but are important. 

These results support the continuation of funding of the agronomy and breeding projects in the Crop 
Yield Productivity Cluster under the Rice Program RD&E Plan. 

Recommendations 

There are two recommendations arising from undertaking the impact assessment. 

1. Enhance the information on funded RD&E projects to assist in future impact assessments 

Industry data from SunRice, NSW DPI, ABS and ABARES provided a very good basis for the 
assessment. However, some information that was needed to guide the assumptions used in the impact 
assessment was very limited or non-existent. This includes some assumptions listed in Table 12, 
notably the improvement in crop yield from the various agronomy projects and the new varieties, as 
well as the on-farm cost to implement the findings of the various projects. Future impact assessments 
would benefit significantly from final and progress reports from the research projects that clearly spell 
out the likely farm-level impacts on crop yield, water-use efficiency and other metrics, as well as the 
indicative on-farm cost for implementing the research results. It is recommended that AgriFutures 
Australia includes this requirement from researchers; that researchers provide this information; and 
that AgriFutures Australia captures this data for use in future impact assessments. 

2. Consider conducting true ex post assessments of projects 

Much of the impact assessment for the Crop Yield Productivity Cluster was not a true ex post analysis 
because the findings of the RD&E have only recently been finalised and released, or have not yet 
been made available to growers, or the new varieties have not been released. In other words, the 
assessment is often an ex-project assessment. The assumptions are therefore uncertain. AgriFutures 
Australia should consider conducting true ex post impact assessments of a selection or cluster of 
projects to confirm the results of this current assessment. This could be conducted after allowing a 
suitable time after the projects have been completed, and a sufficient time for findings to be adopted 
and new varieties to be released.  
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Introduction 
In line with the AgriFutures Rice Program RD&E Plan 2016-17 to 2021-22, AgriFutures Australia 
invests in projects that have the ultimate objective of improving crop yield productivity in the 
Australian rice industry. These projects are both agronomic research and breeding/genetic research, 
supported by an extension program. 

The agronomic projects aim to improve production efficiency and farm returns through increased 
grain yield, reducing crop inputs and improving crop protection measures (e.g. weeds and pests). The 
rice breeding projects aim to address key constraints in lifting crop yields, per hectare and per 
megalitre (ML) of irrigation water, while maintaining rice quality. The projects that aim to increase 
crop yield productivity are also closely linked to the objective of improving water-use efficiency. 

AgriFutures Australia faces the challenge of demonstrating the value, benefits and impacts it delivers 
to its stakeholders through funding RD&E in the rice industry. These stakeholders are government, 
the industry levy payers, other industry stakeholders and the broader community. To address this 
challenge, AgriFutures Australia requested the preparation of economic impact assessments of 
projects it funds under the Rice Program RD&E Plan 2016-17 to 2021-22. The impact assessment 
described in this report was prepared as part of the overall economic impact assessment of the Plan. A 
notable feature of the Rice Program RD&E Plan is a strong, longstanding partnership between 
AgriFutures Australia, the NSW DPI, and SunRice. 

The projects with the objective of improving crop yield productivity in the Australian rice industry 
were aggregated into a single cluster, the Crop Yield Productivity Cluster. This cluster was evaluated 
for the triple bottom line impacts (economic, environmental and social) of the investment. 

Objectives 
The objective of this report was to conduct and report on an impact assessment of investment by 
AgriFutures Australia and the industry in projects between 2016-17 and 2021-22 in the Crop Yield 
Productivity Cluster in the Rice Program R&D Five-Year Plan 2016-17 to 2021-22. 
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Methodology 
The Crop Yield Productivity Cluster was determined by the review team, and agreed with the 
AgriFutures Australia management. There were 11 projects in the cluster (Table 4). 

Table 4: Projects in the Crop Yield Productivity Cluster 

Program objective Project number Project name 

Farm productivity 

PRJ-009772 Moving forward with NIR and remote 
sensing 

PRJ-009790 Rice variety nitrogen & agronomic 
management 

PRJ-011058 Improving mid-season nitrogen management 
of rice 

PRJ-009271 Developing and testing tools for measuring 
and managing variability in rice 

PRJ-009923 Weed control in Australian rice 

PRJ-010136 Herbicide resistance in rice 

PRJ-010188 Rice Pest and Disease Biosecurity II 

Rice breeding 

PRJ-009950 Australian Rice Partnership 2 

PRJ-007580 Cold-tolerant traits and QTLs for improved 
efficiency of rice breeding program 

Extension, sustainability & 
human capital 

PRJ-010696 Extension for improved efficiency and 
sustainability in the rice industry (replaced 
PRJ-009296) 

PRJ-009296 Rice extension coordination (ceased in 2018:  
2017 and 2018 spend only) 

As explained later in the Project Investment section, not all of the funds invested in each of these 
projects were included in the impact assessment for the Crop Yield Productivity Cluster. Some 
projects (such as the extension projects and the Australian Rice Partnership) were also applicable to 
the Water-Use Efficiency Cluster and the Rice Quality & Premium-Priced Markets Cluster. The funds 
invested in these projects were proportionately allocated to each cluster. 

The evaluation of AgriFutures Australia’s investment into projects included in the Crop Yield 
Productivity Cluster followed the general evaluation methodology detailed in the CRRDC Impact 
Assessment Guidelines (CRRDC, 2018). The methodology is well entrenched in the Australian 
primary industry research sector, including rural research and development corporations, state 
departments of agriculture, cooperative research centres, and some universities. Subjective and 
objective assessments are included in the methodology, with benefit-cost analysis being the main 
means of assessment. 
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The methodology for this impact assessment involved identifying and describing project objectives, 
activities and outputs, and potential and actual outcomes and impacts for each project included in the 
cluster. The principal economic, environmental, and social impacts were then summarised in a triple 
bottom line framework. 

Some, but not all, of the impacts identified were then valued in monetary terms. A shortage of 
necessary evidence and data prevented some impacts from being valued. The impacts valued are 
deemed to represent some of the main benefits, but by no means the only benefits, of the project. 
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Project details 
In the Crop Yield Productivity Cluster, the 11 projects focus on improving crop yield productivity in 
the Australian rice industry. As noted earlier, these projects are agronomic research and 
breeding/genetic research, supported by the extension program. Yield productivity priorities identified 
to achieve these goals include improved rice grain yield, disease resistance, weed and pest 
management, cold tolerance, and superior agronomic characters. This is in addition to other priorities 
of improving water-use efficiency and enhancing rice quality. These priorities are addressed in the 
projects selected for the Water-Use Efficiency Cluster and the Rice Quality and Premium-Priced 
Markets Cluster. 

The 11 projects in the Crop Yield Productivity Cluster are described in a logical framework (Table 5). 

Table 5: Project logical framework 

Project 
number 
and title 

PRJ-009772 
Moving forward with near infrared reflectance (NIR) and remote sensing 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Brian Dunn 
Start date: 15/06/2015 
End date: 30/06/2018 

Objectives The aim of this project is to provide accurate nitrogen topdressing recommendations to growers to 
maximise productivity and profitability, and to minimise risk. The ultimate aim is to transition 
towards remotely sensed spatial field maps of rice panicle initiation (PI) nitrogen uptake, and spatial 
nitrogen topdressing recommendations for fields being available to growers and agronomists. 

The specific objectives are: 

1. Maintain the NIR instrument and rice nitrogen calibrations and ensure growers receive accurate 
PI nitrogen topdressing recommendations from the NIR Tissue Test Service. 

2. Using handheld canopy and aerial hyperspectral data obtained in the previous project, select 
relevant wavelengths for placement in a filter instrument. Determine accuracy of PI nitrogen 
uptake predictions from this filter instrument with aerially collected spectra. 

3. Assess the accuracy, availability and cost of remote sensing options for measuring PI nitrogen 
uptake in rice fields, and compare remote sensing methods with the current PI sampling protocol.  

4. Use nitrogen data from the proposed AgriFutures Australia (formerly RIRDC) project ‘Rice 
variety agronomic management’ to update PI nitrogen topdressing recommendations, and 
investigate applying them spatially to rice fields. 

5. Provided accuracy is acceptable, transition towards making remotely sensed spatial field maps of 
rice PI nitrogen uptake and nitrogen topdressing recommendations available to growers and 
agronomists. 

Activities • This project maintains the equipment, calibrations and procedures necessary to provide growers 
with accurate PI nitrogen topdressing recommendations from the current Tissue Test Service.  

• To investigate the potential of remote sensing, rice variety by nitrogen field experiments are 
established each season to provide a range of plots with varying nitrogen levels to enable testing 
of remote sensors. Each season, sensors that we expect to have potential for predicting nitrogen 
uptake are used to scan the experiments at PI, and the plots are then physically sampled. 



5 

Correlations between the imagery and the physical plant measurement are used to determine the 
accuracy of each sensor for predicting crop nitrogen uptake at PI.  

Outputs • The FT-NIR spectrometer is maintained and calibrations updated annually to ensure that growers 
receive accurate PI nitrogen topdressing recommendations in a timely manner. Changes were 
made to ensure the Tissue Test was accurately determining nitrogen uptake across different 
sowing methods and the PI nitrogen topdressing recommendations were modified to suit the new 
varieties.  

• The remote sensing research showed that NDVI imagery that some rice growers currently use to 
help with making their nitrogen topdressing decision is of little value for this purpose at PI. 
Imagery that contains the red-edge waveband is far superior and should be used at PI in rice.  

• Several remote sensors containing the red-edge waveband were tested; all showed considerable 
potential for predicting rice nitrogen uptake at PI. 

• Preliminary algorithms predicting PI nitrogen uptake for red-edge imagery were developed for 
the Worldview-3, RapidEye and Ceres Imaging sensors; however, due to cost of imagery, the 
latter two options are more suitable for industry-wide application. 

• Presentations to growers and agronomists at 10 events.  
• Results were reported in grower publications, international conference presentations and 

scientific journals. 

Outcomes • Maintenance of the NIR instrument and the rice calibrations has enabled accurate nitrogen 
topdressing recommendations to be delivered to growers via the Tissue Test Service. 

• Between 21.6% and 30.7% of rice-growing farms used the Tissue Test Service to determine their 
PI nitrogen topdressing rates (in 2017-18 this equated to 12,300 ha of rice). 

• The NIR provided large cost savings in sample analysis to several rice research projects. Both 
provide a significant benefit to growers and the industry as a whole. 

• Modification of the fresh weight to dry weight (FW:DW) conversion ratio improved the 
accuracy of the PI nitrogen uptake calculations in the Tissue Test program for different sowing 
methods. Combined with revised nitrogen topdressing rate recommendations for several 
varieties, this provided growers with better nitrogen management and ultimately increased 
profitability. 

• The development of algorithms that predict the uptake of nitrogen at PI in rice directly from red-
edge imagery will support growers and agronomists in determining the PI nitrogen requirements 
across a crop, with limited or no physical sampling required. Once this technology is further 
developed and rolled out to farmers in the next couple of seasons, significant improvement in 
nitrogen management will increase grain yields, profitability and water productivity. 

• Project activities continued in PRJ-010158.  

Impacts • Increased crop yield due to more accurate use and timing of nitrogen on rice crops. 
• Lower cost of nitrogen application. 
• Improved water-use efficiency: lower cost and lower risk as an economic benefit. 
• Improved water-use efficiency, which puts less pressure on environmental water supplies. 
• Cost savings from the plant and grain analysis provided to other rice projects. 
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Project 
number 
and title 

PRJ-009790 
Rice variety nitrogen & agronomic management 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Brian Dunn 
Start date: 7/01/2015 
End date: 30/07/2021 

Objectives 1. Provide rice growers with an agronomic management package for current rice varieties and new 
varieties when released. 

2. Determine nitrogen requirements, including total N and split timings, for optimal growth and 
grain yield of current and new varieties when released. 

3. Understand the phenology of current and new varieties when aerial and drill-sown in both 
valleys over different seasonal conditions. 

4. Incorporate nitrogen, agronomy and phenology results into the NIR Tissue Test nitrogen 
topdressing recommendations, Rice Variety Guide and MaNage Rice program when updated. 

5. Provide results and grain samples to the Rice Breeding and Grain Quality team, and SunRice for 
grain quality testing (especially, to inform research into the effects of fertiliser and sowing time 
on grain quality) and variety market evaluation.  

Activities • A number of experimental sites were established in each year of the project 
• This resulted in a number of varieties by nitrogen experiments covering aerial, drill and delayed 

permanent water management. 
• A water management experiment was also conducted at Leeton Field Station in the 2017-18 

season when rice water management treatments of aerial, drill and DPW were directly compared 
in replicated randomised blocks. 

• Plant growth, grain yield, yield components and phenology data were collected from all 
experiments, and the results statistically analysed. 

• Over the years of the project, varieties tested included Reiziq, Sherpa, Langi, Topaz, Doongara, 
Koshihikari, Kyeema, Illabong, Opus, Jarrah, YRL127, YRM70 and YRK5, which were 
assessed over a range of nitrogen application rates and timings. In 2019, two new varieties 
(VO37 and VO38) provided by the breeders were included in all experiments. 

• Three water management experiments (aerobic, drill and DPW) were conducted at Yanco 
Agricultural Institute (YAI) in the 2018-19 season in collaboration with Jaquie Mitchell’s 
Aerobic rice project. Fifteen varieties by two nitrogen rates were compared over three replicates. 

Outputs • Recommended sowing dates of several varieties were modified in the Rice Variety Guide. 
• Results from the variety experiments and their implications on rice crop management were 

reported at the AgriFutures Australia (formerly RIRDC) meetings.  
• The results were also presented to hundreds of growers and agronomists at rice preseason 

meetings over the years of the project.  
• A presentation was made at the Rice Quality Alignment meeting at SunRice on 16 August 2018. 
• Progress and results to date from the project have been reported in the various editions of the 

IREC Farmers Newsletter.  
• Variety growing guideline Primefacts were created for Topaz, Koshihikari, YRM70 and YRK5. 

They were provided to growers at several meetings, included in the SunRice seed order mailout 
and published on the NSW DPI website. 

• Produced a NSW DPI Primefact that was promoted to growers to aid variety selection and 
management to reduce lodging and the associated yield loss and higher harvest costs. 

• Pre-permanent water nitrogen rate recommendations were developed for all varieties using the 
experimental results from the research conducted in this project. 
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• The pre-permanent water nitrogen recommendations were incorporated into the individual rice 
variety growing guides and discussed at preseason meetings. 

• PI nitrogen topdressing recommendations have been modified for YRK5 and Viand to maximise 
grain yield with reduced lodging potential. 

• New individual variety growing guide Primefacts were created for Reiziq, Sherpa, Opus, Langi 
and Illabong, and growing guides for Topaz, Doongara, Koshihikari, Viand and YRK5 were 
updated. They were provided to growers at several meetings, included in the SunRice seed order 
mailout, published on the NSW DPI website, and promoted through Rice Extension. 

• Potential new varieties (V037 and V038) tested this season were very good agronomically and 
yielded slightly higher than Reiziq. Their growth duration was similar to slightly longer than 
Reiziq and grain size was smaller.  

Outcomes • Major changes to the sowing dates for several varieties. Sowing dates of some varieties were 
modified so their period of highest susceptibility to low temperatures (microspore) better aligns 
with the period of highest probability of higher temperatures. These changes will ensure the 
varieties will have lower risk of cold-induced sterility, and will mature when more conducive to 
higher grain quality.  

• Major changes have also been made to the nitrogen recommendations for YRK5, YRM70 and 
Doongara. YRK5 is very sensitive to lodging; nitrogen recommendations have been modified to 
be similar to Koshihikari because they have similar growth habits and lodging potential. PI 
nitrogen topdressing recommendation have been modified for YRK5, YRM70 and Doongara to 
maximise grain yield with reduced lodging potential. 

• Major changes to the PI date predictor, with the phenology data from multiple years of 
experiments used to develop a new two-stage model for drill sowing and DPW. The new model 
will use first flush and permanent water dates to provide a more accurate PI date prediction that 
overcomes the issue of timing of permanent water application. 

Impacts • Higher crop yield due to better timing of planting of several varieties. 
• Improved water-use efficiency: lower cost and lower risk as an economic benefit. 
• Improved water-use efficiency, which puts less pressure on environmental water supplies. 
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Project 
number 
and title 

PRJ-011058 
Improving mid-season nitrogen management of rice 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Brian Dunn 
Start date: 01/08/2018 
End date: 01/06/2021 

Objectives 1. Develop scripts required to enable red-edge sensor imagery to be automatically processed and 
embedded in an online delivery system, enabling growers to access spatial NDRE maps of their 
rice fields at PI. 

2. Refine algorithms for predicting PI nitrogen uptake from NDRE for Koshihikari and YRK5 for 
red-edge sensors suitable for providing growers with accurate spatial PI nitrogen topdressing 
recommendations for these varieties.  

3. Use phenology data to develop better models for predicting PI date for aerial, drill and DPW 
rice-sowing methods. Extend the modelling to include prediction of anthesis date and work 
towards the prediction of rice maturity date. 

4. Research current and new satellite, aerial and drone-based red-edge and hyperspectral sensors as 
they become available to improve prediction of PI N uptake in rice without the need for physical 
crop sampling for all varieties.  

5. Maintain the NIR instrument and rice calibrations and ensure growers receive accurate nitrogen 
topdressing recommendations from the NIR Tissue Test Service. Ensure research projects have 
accurate and cost-effective sample analysis results. 

Activities • The NIR instrument has been maintained and the PI tissue nitrogen calibration used for the NIR 
Tissue Test Service and research projects have been updated. 

• Calibrations for white grain nitrogen and sulphur, paddy grain and straw nitrogen were also 
updated. 

• The PI date data from PRJ-009790 ‘Rice variety nitrogen & agronomic management’ project 
was used to develop a new two-stage PI date predictor.  

• PI date prediction was tested on 2018-19 phenology data with good results. 
• Rice variety by nitrogen experiments were established at Yanco (YAI) and Jerilderie (RRAPL) 

in 2018-19 season. 
• Relationships between the NDRE imagery from Ceres Imaging and MicaSense RedEdge sources 

were regressed against physical field samples, and the results were encouraging. 
• University of New England and DPI have been working with SunRice and Agtrix to develop 

scripting for NDRE image processing and availability to growers and agronomists via the 
SunRice GIS. Progress is being made and should be achieved by the 2019-20 season. 

• Rice Extension collaborated with our project to make red-edge imagery available to growers in 
the 2018-19 season. Fifteen grower fields were surveyed by Ceres Imaging at PI, and NDRE 
maps delivered to growers. Physical samples were collected across the range of NDRE values in 
seven of the commercial fields.  

Outputs • The new PI predictor, which provides a more accurate prediction for drill sowing across variable 
permanent water dates, was available to all growers in the 2018-19 season.  

• Results showed a strong correlation between PI N uptake and NDRE. Rice Extension surveyed 
growers who used the service; 100% said they would use it again. 

• Results provided at various presentations, including to the Harvest debrief meeting at RRAPL on 
20 June 2019 (SunRice grower services, Rice Extension, rice breeders and RRAPL staff 
attended), the RGA 2019 Annual Conference in Corowa, 1 August 2019 (50 growers attended). 

• Project progress and results were reported to the AgriFutures Rice Panel and attendees at the 
AgriFutures Rice RD&E update meeting, at YAI on 21 August 2019 (80 attendees).  
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• Project experimental results and their implications on rice crop management were presented to 
commercial agronomists at both Griffith and Deniliquin on 28 August 2019. Ten agronomists 
attended each session, which were organised by Rice Extension.  

• Overview of the project and results were included in the Rice Extension publications: 2019 Rice 
Program RD&E Update, and 2020 Rice Program RD&E Update. 

• Remote sensing results were presented and discussed at Stud Park rice field walk on 1 Feb 2019. 
Organised by Rice Extension; 25 growers and agronomists attended. 

• Two journal articles were published:  
James Brinkhoff, Brian W. Dunn, Andrew J. Robson, Tina S. Dunn and Remy L. Dehaan (2019). 
Modeling mid-season rice nitrogen uptake using multispectral satellite data. Remote Sensing, 
11(15), 1837; https://doi.org/10.3390/rs11151837 
Rebecca Darbyshire, Emma Crean, Tina Dunn and Brian Dunn (2019). Predicting panicle 
initiation timing in rice grown using water efficient systems. Field Crops Research, 239: 159-164 

Outcomes • The NIR is used extensively for sample analysis in other rice research projects. If samples 
analysed in the 2018-19 season by the NIR were analysed commercially, it would have cost 
$344,000. This is a large cost saving to the industry.  

• In the 2018-19 season, 22% of farms growing rice used the NIR Tissue Test Service, a similar 
number as the previous season. Accurate nitrogen recommendations were provided to growers. 

• Results showed a strong correlation between PI N uptake and NDRE. Rice Extension surveyed 
the 15 growers who used the NDRE service; 100% said they would use it again. 

Impacts • Higher crop yield due to better timing of planting of several varieties. 
• Higher crop yield due to better targeting of nitrogen.  
• Cost saving for other Rice R&D projects. 

  

https://doi.org/10.3390/rs11151837
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Project 
number 
and title 

PRJ-009271 
Developing and testing tools for measuring and managing variability in rice 

Project 
information 

Organisation: Deakin University 
Chief investigator: John Hornbuckle 
Start date: 15/06/2014 
End date: 30/09/2018 

Objectives 1. To investigate environmental and management factors driving yield variability using satellite 
imaging, crop phrenology, in-field sensor networks and yield mapping. 

2. Determine variability in bay and farm-level crop water productivity using GIS and remote 
sensing techniques. 

3. To identify opportunities and practical solutions to managing variability in rice systems, i.e. 
through management and layout system design. 

Activities The project completed studies spread across the Murrumbidgee and Murray valleys on commercial-
sized farms. Experiments and assessment of technologies were done during the 2014-2015, 2015-
2016, 2016-2017 and 2017-2018 rice-growing seasons. There were three main activities: 

1. Investigating environmental and management factors driving yield variability 

Experiments across the RRAPL field station measured temporally and spatially a number of drivers of 
yield variability, particularly related to water depth and temperature profiles in rice bays. The focus 
was on understanding water temperature profiles and the subsequent effect this might have on yield.  

2. Determining variability at bay and farm level using RS and GIS 

Efforts were made to access a range of remote sensing and GIS information to determine variability. 
Access and data availability within the SunRice GIS system became available only for the 2017-2018 
growing season and was limited to rice area planted at the farm level. Yield data was not available 
geo-referenced back to individual farms/paddocks, but the GIS dataset combined with satellite remote 
sensing was used to explore variability across paddocks and between regions.  

We initially focused on trying to determine crop water productivity using GIS and RS. Data on 
measured irrigation water applied to crops was unavailable, which limited the ability to provide total 
water use productivity assessments in an extent to incorporate deep drainage, which is extremely 
topical under recent drier conditions and reduced water availability. Irrigation provider on-farm 
irrigation water delivery data was investigated but proved unreliable to develop meaningful data on 
applied water because it could not be split between individual crops/paddocks across a farm or water 
holding.  

Grower header yield data was collected from farmers across a range of sites and used to explore the 
usefulness of RS data for predicting yields and yield variability. This data was also combined with a 
measure of crop water use using the IrriSAT RS technology to provide a surrogate benchmark to 
develop crop water-use productivity benchmarking information. 

3. Identifying opportunities and practical solutions to managing variability 

Two main efforts were undertaken to develop practical tools to aid in the management of variability: 
• Drone-based remote sensing tools using standard and multi-spectral cameras 
• A robust, integrated soil moisture, water depth and canopy temperature sensor. 

Outputs • The project found that one of the key variables driving variability in rice systems is water depth. 
• Tools to provide real-time feedback on water depth management and its effect on canopy 

temperatures and subsequent yield were developed and trialled in the project. 
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• Significant increase in yields were shown when water depth was managed to maintain optimal 
growing conditions for the rice crop.  

• Development of a robust integrated soil moisture, water depth and canopy temperature probe. 
• Drone-based sensors were found to offer valuable information for growers on crop variability 

and, with further development, have the potential to be useful practical tools for managing 
variability.  

• Benchmarking water-use productivity through satellite remote sensing and a combination of GIS 
and yield data provided insights into the extent and impacts of variability on rice crop yield. 

• Differences of up to 4 t/ha between crops using similar amounts of water highlighted the 
potential for significantly improving crop water-use productivity across the industry.  

• Conference papers presenting the results.  
• Articles in the IREC Farmers Newsletter (Spring 2016, Spring 2017 and Spring 2018 editions). 
• Report in the Rice Extension 2018 Rice R&D Update. 
• Radio interviews.  

Outcomes • Increasing grower knowledge on actively managing water depth and its impact, and providing 
tools to allow them to do this would have significant dollar returns for growers in terms of 
potential higher rice yields across all valleys. 

• Crop production varied significantly across fields showing similar crop water use. Measuring 
and benchmarking will improve water-use productivity.  

• The sensing system developed in the project fills a much-needed gap for the rice industry. 
• Being able to actively sense soil moisture, water depth and canopy temperature will provide key 

information to improve crop yield and water-use efficiency. It also offers the potential to link 
with irrigation automation for optimal decision making to maximise yield and water use, and to 
reduce labour costs.  

• Trials showed a yield increase of up to 4 tonnes/ha. 
• The outcomes from the project fed into a subsequent project PRJ-102398 ‘Smart irrigation 

control for water and labour savings in rice-growing systems’). 

Impacts • Higher crop yield due to better water management. 
• Better water-use efficiency (lower cost and risk). 
• Significantly lower labour costs. 
• Lower production cost per tonne due to higher crop yield, offset by higher harvest cost per ha. 
• Better water-use efficiency, which puts less pressure on environmental water supplies.  
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Project 
number 
and title 

PRJ-009923 
Weed Control in Australian Rice 

Project 
information 

Organisation: Agropraisals Pty Ltd 
Chief investigator: Malcolm Taylor 
Start date: 30/05/2015 
End date: 30/07/2018 

Objectives Effective weed control is critical to achieving high water-use efficiency in rice because weeds rapidly 
decrease grain yields yet use irrigation water. The project aimed to identify and develop new 
herbicides for direct-seeded rice that can be integrated with existing practices to enhance the 
economic and environmental performance and sustainability of contemporary rice production in 
Australia. Specifically, the project investigated: 
1. Group G and Group I herbicides for floodwater delivery, targeting broadleaf and sedge weeds in 

water-seeded rice. 
2. Foliar KD herbicides as potential alternatives to glyphosate and paraquat in drill-sown rice. 
3. Residual grass herbicides (Groups K and G) as alternatives to pendimethalin and clomazone in 

drill-sown rice. 
4. Extension of results to ricegrowers and agronomist training through addresses at field days and 

rice industry meetings. 
Activities • Drill-sown trials were conducted at a range of commercial rice crops and at two rice experiment 

sites with dedicated weed paddies in the Riverina of southern NSW and northern VIC to 
encompass a range of soil types and seeding conditions. 

• All water-seeded rice field trials were conducted at the Sheepwash Creek Research Farm, 
Cobram, VIC.  

• Weed control was assessed visually for each plot using a linear scale of percentage control where 
0 = no control and 100 = complete kill of all weeds. Weeds arose from dormant seed that has 
accumulated at the sites during prior rice crops. 

• Grain yields were obtained by flattening the levees then direct heading using a modified 
harvester fitted with full tracks and on-board electronic grain weighing and moisture 
determination. 

• Annual field days were organised once or twice each summer to facilitate inspection and 
interpretation of results by growers, other researchers and agronomists. 

• Presentations at preseason grower meetings each season and mini-field days in 2017-18. 

Outputs • Up to 55 people attended the annual field days. Meetings of the Rice Crop Protection Working 
Group were hosted and timed to coincide with these field trial inspections. 

• Five or six preseason rice grower meetings were addressed each season to focus attention on 
weed management issues. 

• Mini-field days for rice growers and agronomists were held at three demonstration trials 
(Coleambally, Widgelli and Logie Brae) in the 2017-18 season in collaboration with the Rice 
Extension team and Dow Agrosciences Australia Ltd. 

Outcomes • Results are relevant to a population of 600 farms that produce about 60,000 tonnes of direct-
seeded rice 

• For water-seeded rice, two new herbicides (saflufenacil and florpyrauxifen) consistently 
demonstrated a combination of efficacy against all major aquatic weeds and adequate crop 
tolerance.  

• Registration application for a co-formulation of florpyrauxifen and cyhalofop (AGIXA) was 
approved by APVMA on 12 October 2020. Will now require adoption and further extension. 

• Clomazone plus pendimethalin were demonstrated as a viable means of extending the period of 
residual barnyard grass control in drill-sown rice. Requires extension effort. 
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• A range of pre-emergence herbicides was evaluated for drill-sown rice and failed to match the 
efficacy and crop safety of current commercial standards. 

Impacts • Higher crop yield due to recommended application of existing chemicals. 
• Higher crop yield due to new registration of new formulation of florpyrauxifen and cyhalofop 

(AGIXA). 
• Better water-use efficiency because of less competition from weeds. 
• Lower use of herbicides, resulting in lower residue levels.  
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Project 
number 
and title 

PRJ-010136 
Herbicide resistance in rice 

Project 
information 

Organisation: Charles Sturt University 
Chief investigator: John Broster 
Start date: 15/09/2015 
End date: 15/05/2018 

Objectives Determine the level of resistance in the major rice-growing regions of southern NSW for the most 
important weeds to the herbicides most commonly used for the control of those weeds. This provides 
a baseline for future comparison.  

Activities • In two random field surveys, one in February and March 2016 and the second in March 2017, 
selected weed species were collected and other weed species identified. Estimates of density of 
both the selected weed species and observed weed species were made. 

• In addition to the random field surveys, the screenings (below top sieve and above bottom sieve) 
of 10% of samples processed by the AGS Quality Appraisals Centre at Leeton from the 2016-17 
growing season were collected, providing 153 samples for analysis. These samples were further 
processed at CSU to collect and quantify all weed seeds present. Rice variety yield and area for 
the 2016-17 season were obtained from SunRice to assist in this evaluation. 

• Resistance screening was conducted using the seed samples collected from the random field 
surveys. Screenings were then established as plants using consistent and strictly controlled 
methods. When the plants were established, 10 herbicides were used: cyhalofop-butyl 
(Barnstorm®), profoxydim (Aura®), bensulfuron (Londax®), propanil (Stam®), benzofenap 
(Taipan®), MCPA, thiobencarb (Saturn®), molinate (Ordram®), paraquat (Gramoxone®) and 
clomazone (Magister®).  

• Using standard thresholds, accessions were classed as Resistant, Developing Resistance, or 
Susceptible. Accessions with a survival percentage of 20% or greater were classed as Resistant. If 
the survival percentage was between 10% and 20%, they were classed as Developing Resistance, 
while accessions with a survival percentage of less than 10% were classed as Susceptible.   

• Data analysis was undertaken only for the resistance screening for the barnyard grass to compare 
those accessions with levels of survival below the thresholds for Developing Resistance.  

Outputs • The project found that the rate of herbicide resistance to bensulfuron has increased in the three 
major aquatic weed species (dirty Dora, arrowhead and starfruit) since the last major resistance 
survey in 1999. The rate of increase is much lower than for other sulfonylurea herbicides in 
dryland crops over a similar period.  

• There was also minimal or no resistance to other herbicides tested (two populations are being 
retested to confirm resistance to benzofenap). 

Outcomes • The rice industry has been able to better address more extensive cropping systems. This would be 
true of the current 2018 project. It is also noted that the smaller rice crop area in the mid to late 
2000s resulted in wider rotations, and therefore fewer herbicide applications over this time.  

• The presence of significant levels of bensulfuron resistance in association with an awareness of 
the impact herbicide resistance can have on management, production and ultimately profitability 
has influenced management change. Previously, about 90% of rice in Australia was aerially sown 
(Graham et al. 1996). However, since the discovery of bensulfuron resistance in the aquatic 
weeds, the amount of ground-sown rice has now increased to a level where only 26% of rice was 
aerially sown (R. Ford, personal communication). This change in sowing method has resulted in a 
change in weed spectrum because ground (dry) sowing favours dryland species (e.g. barnyard 
grass) over the aquatic species favoured by aerial sowing. 

• About 95% of samples from the random field survey and the AGS Quality Appraisals Centre 
contained barnyard grass seed. From the AGS Centre samples, it was estimated that about 150 
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billion barnyard grass seeds, or 331 tonnes, were delivered in rice samples to the silos for the 
2016-17 rice season.  

• This high number of barnyard grass seed in the seedbank results in higher selection pressure for 
herbicide resistance, especially for the higher risk herbicides, cyhalofop and profoxydim. That no 
populations were found to be resistant to these herbicides is most likely a combination of these: 
awareness of herbicide resistance: low rice crop area in recent years: and the ability for many 
farmers to grow alternative summer crops that use different herbicides for barnyard grass control. 

• The findings from this research show that herbicide resistance, while present, is limited to a single 
herbicide – bensulfuron. Its ineffectiveness has already resulted in management change and 
associated higher selection pressure on alternative herbicides. 

• To maintain long-term effectiveness of current herbicides, there needs to be more alternative, non-
herbicidal control options, such as harvest weed seed control, for weed control. 

Impacts • Management practice change away from aerial sowing to dry sowing (from 90% aerially sown in 
1996 to 26% in 2018). 

• Fewer negative impacts and costs arising from the presence of barnyard grass: 
− Less rice growth and production, resulting in yield losses and less farmer income. 
− Higher cost of removing barnyard grass seed from the rice during processing, reducing the 

price per tonne paid to all growers. 
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Project 
number 
and title 

PRJ-010188 
Rice Pest and Disease Biosecurity II 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Mark Stevens 
Start date: 01/07/2016 
End date: 30/09/2019 

Objectives 1. To confirm that only one armyworm species (Mythimna convecta) is present in southeast 
Australian rice crops  

2. To quantify armyworm densities within and across rice crops to validate sampling plans, and 
determine whether crops grown using DWP or mid-season drainage are more vulnerable to 
armyworm attack, and the basis for that vulnerability  

3. To determine the level of parasitism in armyworm populations in rice, and how that may affect 
implementation of spray thresholds  

4. To develop science-based thresholds for armyworm control, incorporating larval density, larval 
development stage, and crop stage  

5. To identify newer generation pesticides for further development for armyworm control  
6. To evaluate duck-exclusion netting for use at bloodworm trial sites, and develop fipronil and 

potentially other compounds for direct spray application against bloodworms  
7. (Alternate objective: subject to APVMA permit availability, conduct commercial trials of 

niclosamide against rice snails)  
8. Determine the susceptibility of commercial rice varieties to stem rot  
9. Test for differences between stem rot isolates from different locations in southern NSW  
10. Undertake trials to investigate whether saline water increases the infectivity of stem rot. 

Activities • Nine trials of various niclosamide formulations conducted in 2016-17 and 2017-18 seasons under 
an APVMA permit on commercial farms. The trials measured the impact on the populations of 
the snail Isidorella newcombi.  

• A laboratory trial then a replicated field trial of fipronil measured the control of bloodworm 
Chironomus tepperi, and the effectiveness of aerial spraying.  

• Laboratory bioassays evaluated two new chemicals (spirotetramat and spinetoram) for bloodworm 
control. 

• Bioassay trials progressively tested different diet mixes for larvae of the common armyworm 
Mythimna convecta to ensure a viable, fertile population of adults for use in laboratory testing. 

• Laboratory trials evaluated four active compounds (emamectin benzoate, chlorantraniliprole, 
cyantraniliprole and indoxacarb) for their effectiveness against the common armyworm Mythimna 
convecta.  

• DNA barcoding was used to identify individuals killed by parasitoids during the larval and pupal 
stages to distinguish between the common armyworm Mythimna convecta and a second 
armyworm species, the sugarcane armyworm Leucania stenographa. 

• Two fermentation traps were constructed by modifying bloodworm emergence traps to conform 
to the structure required for armyworms. They were deployed in irrigation bays and in a dryland 
area, and the number of captured armyworm moths were measured regularly. 

• Two trials were conducted by artificial defoliation of rice plants shortly after PI, followed by 
assessment of yield, and other parameters at harvest. 

• Just before harvest, samples were collected from one of four farms visited (farms had been 
selected as yellowing of the crop indicated an issue with stem rot). Laboratory assessment of the 
yield loss and other impacts were conducted. 

• Two laboratory experiments were conducted:  
- One to look at the susceptibility of different rice varieties to stem rot, and to assess the 

capacity of Amistar Top®, a product containing azoxystrobin and difenoconazole, to control 
stem rot.  
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- The second to quantify the yield loss caused by stem rot in the Sherpa variety. 

Outputs • Results have generated the data necessary for a commercial partner to register niclosamide for 
snail (Isidorella newcombi) control in rice. 

• The replicated small-plot trial of fipronil as a direct spray treatment for bloodworm (Chironomus 
tepperi) control was highly successful. Existing data associated with the current registration for 
fipronil as a seed treatment should streamline the registration process, with successful 
commercial trials under permit for the final step needed to make this use pattern available to 
growers. 

• Spirotetramat (Movento®) was about 70 times less active than spinetoram (Success Neo®) to 
final instar C. tepperi larvae. Movento® is therefore not a viable candidate for bloodworm 
control in rice. Success Neo® has potential for this use, but it is less than one-tenth as active as 
Maestro® 200SC under laboratory conditions, and is substantially less active than most older 
generation organophosphates and pyrethroids. 

• Laboratory techniques for rearing the common armyworm Mythimna convecta and screening 
new insecticides have been developed. 

• Two compounds, emamectin benzoate and chlorantraniliprole, have been identified for 
effectiveness against the common armyworm Mythimna convecta that should move on to crop 
residue evaluation and field efficacy trials. 

• A second armyworm species, the sugarcane armyworm Leucania stenographa, has been found in 
NSW rice crops for the first time, and appears to be a significant component of mixed 
populations on some farms.  

• DNA barcoding was needed to identify individuals killed by parasitoids during the larval and 
pupal stages. Parasitism rates as high as 81% were recorded, emphasising the need to conserve 
beneficial species in the crop through the use of selective chemicals rather than those with broad-
spectrum activity.  

• Fermentation traps were effective for monitoring the activity of adult common armyworm moths 
provided they were placed in or adjacent to rice crops; however, they do not seem to attract adult 
sugarcane armyworm. 

• The results of the two trials of artificial defoliation of rice plants confirm that rice can withstand 
substantial damage during vegetative growth, and can compensate for it later in the growing 
season.  

• Stem rot is in all growing areas, but current management practices are controlling the disease. On 
occasions when some factor interrupts normal management practices, stem rot can build up, such 
as prior inadequate crop residue burning a contributing factor. When combined with regular rice 
cropping and minimal or zero crop rotations on some fields, poor stubble destruction provides 
ideal conditions for the disease to proliferate. 

• Extension to agronomists of the visual appraisal of rice plants near harvest helps identification of 
stem rot.  

• Management techniques have been found to limit the spread of stem rot. 
• Field and laboratory studies on stem rot have demonstrated that inoculation of pots and isolated 

stems are effective tools for screening varietal susceptibility to stem rot isolates. No Australian 
varieties have resistance to stem rot, although there is some variation in vulnerability, with 
Reiziq showing some tolerance, and Sherpa being among the most susceptible. 

Outcomes • Growers will ultimately benefit from this research when they can integrate new products 
(niclosamide for snail control and fipronil for bloodworm) into their cropping systems (when the 
chemicals are registered for use and made commercially available). 

• In the interim, the results will be of interest to those involved in the stewardship of agricultural 
chemicals in the rice industry, and to other researchers. 

• The data generated in this project will support an application for commercial fipronil spray trials 
for bloodworm control; however, given that fipronil itself is now under review, it is unclear 
whether the best option would be to follow through with commercial trials on this compound, or 
look at newer materials not under immediate regulatory threat, such as spinetoram or abamectin. 
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• Spinetoram (Success Neo®) has potential to control bloodworm despite its inferior performance 
compared with older chemicals. Its environmental profile and selectivity may make it more 
likely to withstand higher level of regulatory scrutiny now applied to these older chemistries. 

• Emamectin benzoate and chlorantraniliprole have been identified for effectiveness against the 
common armyworm Mythimna convecta that should move to crop residue evaluation and field 
efficacy trials.  

• From observations and experiments when stem rot appears severe, yield loss is generally 
minimal and invariably worse at the lower end of the bays, which is where most free-floating 
sclerotia would accumulate as bays are dried down before harvest in any given year. 

• Effective stubble management (notably complete stubble burning) remains the key to limiting 
the impact of stem rot.  

 
Impacts • Higher crop yield due to better control of pests (armyworm, snail, bloodworm) and management 

of stem rot.  
• Managing armyworm through use of niclosamide, although this is only relevant for aerial 

sowing, which has declined in importance. 
• Environmental impacts from the potential use of more environmentally friendly chemicals to 

replace older chemicals.  
• Better methods for future scientific study of armyworm. 
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Project 
number 
and title 

PRJ-009950 
Australian Rice Partnership 2 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Deb Slinger 
Start date: 15/06/2015 
End date: 20/07/2021 

Objectives The Australian Rice Partnership 2 project has six Variety objectives and nine Supporting objectives. 
Delivery of these objectives requires integrated research effort from five somewhat distinct 
components: rice breeding; rice yield stability; rice quality; molecular breeding; and a component 
covering the activities of Rice Research Australia Pty Ltd (RRAPL). All components contribute to the 
Variety objectives and individual or combinations of components contribute to the Supporting 
objectives.  

The objectives relevant to the Crop Yield Productivity cluster are as follows (the numbers refer to the 
objectives of the Rice Partnership): 

1. Reiziq-style medium grain 
Delivery within the five-year life of the project of at least one advanced breeding line of a bold 
medium grain with enhanced cold tolerance and yield potential over the industry standard 
medium grain variety Reiziq, while maintaining the existing quality type, especially for grain 
size and cooked rice texture. 

8. Rice germplasm with more cold tolerance (Yield Stability component) 
Reproductive cold tolerance remains the greatest limitation on rice crop yields, and importantly, 
the yield stability. The program will continue to screen for reproductive cold tolerance with 
robust and proven phenotyping methods, and continue to investigate method improvements. 

9. Biosecurity (Yield Stability, Molecular Breeding and Rice Quality components) 
The introduction of pests and diseases exotic to the NSW rice industry is a potentially 
devastating threat. Modelling suggests that the climatic conditions in the Riverina are conducive 
to rice blast outbreaks in up to 80% of years. Selection for blast resistance will incorporate 
known blast resistance genes into varieties using marker-assisted selection. However, markers 
cannot replace field evaluation for disease. Breeding lines will be evaluated for performance and 
grain quality in field trials in Northern Australia at sites provided by SunRice in QLD. 

10. Molecular breeding (Molecular Breeding component) 
The breeding program will implement whole genome profiling and screen for published 
molecular markers through a contracted service provider. This will allow for marker-assisted 
selection of all the markers currently in use and previously used in the breeding program, such as 
fragrance, apparent amylose and gelatinisation temperature. A whole genome profile will have 
applications in variety purity testing, pure seed selection, variety identification, and background 
selection during marker-assisted backcrossing. Marker-assisted selection will expand to include 
screening for traits with known markers where phenotyping is not feasible, for example blast 
resistance within the Riverina. 

11. Pure seed production and satellite site variety trial management (RRAPL component) 
Rice Research Australia Pty Ltd will continue to be responsible for pure seed production and the 
management of variety trial sites at the ‘Old Coree’ site and with farmer collaborators. Variety 
trials will include replicated site trials, district trials, and the breeding program cold tolerance 
nursery. In cooperation with the breeding program, RRAPL will produce pure seed shortrows, 
longrows, and nucleus seed lots along with 1-2 t of breeder’s seed each year. 

12. New science for existing varieties (All 5 components) 
The breeding and quality programs will provide supply chain support on variety-specific issues, 
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in particular, where new science is needed to understand the performance or properties of a rice 
variety. The outcomes of research into existing varieties will initially be incorporated in a variety 
release document, which thereafter may be incorporated into a handbook for each variety to 
inform agronomy, post-harvest handling, processing and marketing. This objective is the most 
flexible, and arises from the lack of a process to prioritise and document research on variety-
specific issues that arose along the market chain within the first phase of the partnership. 

Activities • A collaborative agreement was formed between NSW DPI, Rice Research Australia Pty Ltd 
(RRAPL – the SunRice-owned subsidiary) in June 2015, extended until June 2021. 

• The agreement established a seven-year program (called the Australian Rice Partnership 2), of 
which the nine objectives listed above are part. 

• The program is overseen by a project management committee drawn from the three funding 
groups. 

• Breeding objectives were established to address marketing and farm productivity issues in line 
with project objectives, including the objectives to improve crop yield productivity. 

• Planting, husbandry, harvest and collection of data from experimental field trials (Rice Breeding 
and Molecular Breeding). 

• Collection of grain quality data on selected field trial samples (rice quality), under an array of 
managed environment conditions (e.g. nitrogen). 

• Research on screening methods for selecting healthy rice germplasm. 
• Research into the agronomic characteristics of short season varieties. 
• Conduct research on screening methods for selecting cold-tolerant rice germplasm. 
• Conduct screening nurseries to screen for cold-tolerant rice germplasm.  
• Conduct research into the blast resistance races present in Australia. 
• Breeding lines evaluated for performance and grain quality in field trials in Northern Australia at 

sites provided by SunRice in QLD. 
• Planting and tissue sampling of single plants in the glasshouse and as part of the pure seed 

program, and the generation of genotyping reports. 
• Planting, husbandry, harvest and cleaning of pure seed scheme seed lots.  
• Planting, husbandry, harvest and provision of collected data for experimental field trials. 
• Research into variety-specific agronomic characteristics or performance. 
• Understanding research contributions or outcomes relevant to the breeding program from each 

ancillary project.  
• At least one staff member attending a conference with relevance to international rice research 

activities. 
• Annual Rice Industry Field Days where results are presented.  

Outputs • Annual milestone reports provide updates on progress. 
• Presentations to annual rice field days. 
• In period 2016 to 2020, at least 10 journal articles published, 26 conference papers and 

presentations, 48 technical papers and 4 extension articles. 
• A review of the Australian Rice Partnership was conducted in 2019 by Linscombe and Lambrides 

(2019)  
• The specific outputs of the ARP against each of the relevant objectives as at October 2020 were: 

Reiziq-style medium grain 
- Release of Viand (YRM70) in 2018 
- Two elite lines (YUA15=V037 and YRE16=V071) continue to show promise as potential Reiziq 

replacements. 

Biosecurity 
- Markers now available for routine screening for the blast resistance gene Pi40, which has been 

shown to be effective against Australian races. 
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Molecular breeding (Molecular Breeding component) 
- The KASP platform continues to show great promise for routine implementation of MAS. 
- Further validation of this method was performed with an emphasis on trait screening for key grain 

quality traits and for application as a tool for rapid DNA fingerprinting. 

Pure seed production and satellite site variety trial management (RRAPL component) 
- Pure seed varieties grown each season, dependent on climate and water availability. 
- Seed multiplication programs for experimental varieties. 

Outcomes Reiziq-style medium grain 
• Release of Viand as an option for late sowing enabled some farmers to commit to growing rice 

who normally wouldn’t have because they can plant a winter crop before the rice crop. 8% of the 
rice-growing area was planted to Viand in 2019. [NOTE: This variety was included in the 
previous impact assessment in 2016.] 

• YRE16=V071 had a yield advantage of 1 to 3 t/ha in district trials. It appears to be the most 
promising as grain quality is the same as Reiziq. SunRice says it will be released widely in 2021. 

• YRA25=V025 is a potential replacement for Viand because it addresses the lodging problems 
that can occur with Viand. It has a higher yield than Viand. SunRice says that there is a strong 
chance it will be released in 2023.  

• YUA15=V037 is a potential replacement for Reiziq (and for YRE16=V071) because it has better 
cold tolerance, resulting in higher yields than both Reiziq and YRE16=V071. According to 
SunRice, there is a reasonable chance it will be released. 

• YUE15=V038 has been explored as a possible replacement for Reiziq but the probability of it 
being successful and released is very low due to its low score in sensory evaluations compared 
with Reiziq. 

Rice germplasm with more cold tolerance (Yield Stability component) 
• Crossing with recently developed elite lines as parents continued. 

Biosecurity 
• Markers now available for routine screening for the blast resistance gene Pi40. 

Molecular breeding (Molecular Breeding component) 
• The 2019 Review of the ARP found that ‘the impact of molecular breeding on the program … is 

a long way off from delivering valuable outcomes for the program’. 

Pure seed production 
• Store of all pure seed varieties. 

New science for existing varieties 
• Testing the advanced breeding lines for agronomic performance and grain quality. 

Impacts The 2019 Review of the ARP found that ‘The program (the ARP) is not achieving maximum genetic 
gain for the inputs’ (page 11 of the review of the Australian Rice Partnership by Linscombe and 
Lambrides (2019)).  

Despite this, there is high confidence among the ARP partners (notably SunRice) that the widespread 
release of a new Reiziq-style medium grain will be in the 2022 season (C22). It has a significantly 
higher yield and similar rice quality to Reiziq. 

The impacts are therefore: 

• Higher crop yield from the new variety of Reiziq-style medium grain. 
• Release of Viand has enabled a number of farmers to commit to growing rice who normally 

wouldn’t have (i.e. expanded production due to more land use). 
• New variety to replace Viand will potentially bring higher grain yields for short season rice 

production. 
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• Higher crop yield due to greater cold tolerance. 
• Higher crop yield due to rice blast resistance.  
• Higher grain quality (in Rice Quality & Premium-Priced Markets cluster) 

The partnership between NSW DPI, SunRice and AgriFutures Australia results in an ‘impressive 
record of industry impact based on a well-functioning commercialisation pathway’ (Linscombe & 
Lambrides, 2019). 
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Project 
number 
and title 

PRJ-007580 
Cold-tolerant traits and QTLs for improved efficiency of rice breeding program 

Project 
information 

Organisation: University of Queensland 
Chief investigators: Dr Jacquie Mitchell and Prof Shu Fukai 
Start date: 29/08/2012 
End date: 30/05/2018 

Objectives The major objective of this prebreeding project was to improve understanding of cold tolerance in 
terms of underlying physiological mechanisms and the molecular basis (genomics) of traits involved 
in the maintenance of cold tolerance. 

The five specific objectives of the project were: 

1. Identification of underlying physiological traits contributing to cold tolerance at different 
phenological stages (vegetative, booting and anthesis)  

2. Selection of genotypes and populations maintaining high spikelet fertility when exposed to cold 
tolerance at booting stage, using a reliable phenotype screening system  

3. Identification of QTLs associated with physiological traits, and testing them within breeding 
populations  

4. Evaluation of cold tolerance and general adaptation in southern NSW of UQ-selected populations 
and genotypes  

5. Examination of the relationship between cold tolerance and aerobic rice production. 

Activities • Initial experiment conducted to phenotype for cold tolerance based on spikelet sterility (SS). 
• A pair of experiments (an early booting stage cold stress; and a flowering stage cold stress) 

conducted in two rooms in a controlled temperature glasshouse at The University of Queensland.  
• Cultivars NorinPL8, Kyeema and Sherpa were grown with 19 Kyeema//Kyeema/NorinPL8 

(KKN) genotypes in each experimental set. The 19 KKN genotypes tested were selected on their 
level of cold tolerance under cold at EMS and flowering stages in the previous experiments. 
Seven genotypes were considered tolerant, nine genotypes as susceptible, and six genotypes as 
moderately tolerant. 

• Three experiments examined the performance of seedlings and early vigour under cold 
conditions (21/15oC day/night) from sowing until 300 growing degree days in the early vigour 
experiment. 

• The new two-stage phenotyping system developed in the project was used for all phenotyping 
experiments, except the long-term cold experiments in which plants grown under warm 
conditions for about 45-50 DAS, then temperatures were reduced to 21/15oC until maturity. 

• Genomic DNA extracted from newly emerged young leaves sourced from each genotype to 
identify QTLs associated with physiological traits. 

• For each set of genotyped and phenotyped germplasm (M205ML, KKN, KKNK and KKKN, 
Diversity set, RL, KL and YRF208N), a separate association analysis was performed on each 
trait using the phenotypic means.  

• In the 2014-15 and 2015-16 seasons, field experiments evaluated cold tolerance and general 
adaptation in southern NSW of UQ-selected populations and genotypes. 

• Some glasshouse experiments under aerobic conditions in the glasshouse mostly used the two-
stage phenotyping system under aerobic conditions. 65 lines were assessed for cold tolerance 
over two plantings.  

Outputs • Developed a new two-stage phenotyping system  
• Identified key floral traits associated with cold tolerance  
• Identified QTL associated with cold tolerance  
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• Enhanced germplasm stocks with cold tolerance base level by 2-4oC 
- More than 70 lines were identified that have greater cold tolerance than commercially 

available cold-tolerant variety Sherpa. Most of these cold-tolerant lines are not agronomically 
acceptable and need further introgression with elite Australian material to ensure production 
and quality. 

- The best of these cold-tolerant donor lines have been incorporated into the breeding program 
over the course of the project with new crosses made, e.g. KKN xTopaz, A number of lines 
emanating from the M205ML population have been identified as cold tolerant and appear to 
be agronomically acceptable, but need to be evaluated further in the Riverina production 
environments. 

- Furthermore, one M205ML line has been identified that may be of use in a DPW system; 
again, this needs evaluation in the Riverina.  

- A subset of the Yanco core Diversity set (117-135) was phenotyped. Consequently, the 
commercial varieties have been benchmarked against potential donor lines from within this 
and against the most cold-tolerant lines emanating from the various populations screened. 

• Developed an accurate cold screening system using controlled-temperature glasshouse facilities, 
with validation in the field  

• Advanced generations of existing crosses for population work  
• Benchmarked different cold-tolerant varieties. 

Outcomes • The use of cold-tolerant varieties will offer farmers lower production risk and better water-use 
efficiency. 

• The two-stage phenotyping system developed at UQ enables accurate identification of cold-
tolerant germplasm and of floral traits/QTL contributing to cold tolerance at specific 
developmental stages. 

• Significant improvement in understanding of cold tolerance in terms of underlying physiological 
mechanisms and the molecular basis of traits involved in cold tolerance. 

• New germplasm and potential varieties originating from the project are likely to offer additional 
cold tolerance, lower production risk, and better water-use efficiency. 

• Increased capacity within the rice industry with the training of students. 

Impacts • Higher crop yield due to better cold tolerance (but only when new varieties are released). 
• Lower production risk. 
• Better water-use efficiency. 
• More scientific capacity in the rice industry. 
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Project 
number 
and title 

PRJ-010696 
Rice Extension Coordination 

Project 
information 

Organisation: Ricegrowers’ Association of Australia 
Chief investigator: Travis Tobin 
Start date: 16/06/2014 
End date: 15/02/2018 

Objectives • To provide effective coordination between relevant public and private sector rice industry 
providers, including NSW DPI officers and researchers, NSW Local Land Services (LLS) 
officers, commercial agronomists, SunRice and RRAPL, other researchers, RGA and the 
Environmental Champions Program (ECP), and other relevant commodity industries and growers.  

• To create a collaborative public and private sector network that leverages available expertise to 
deliver the broadest and most cost-effective extension system possible.  

• To provide effective and timely dissemination of key R&D information for rice-based farming 
systems that is easy for growers to understand and apply on-farm.  

• To help growers increase their uptake of technological advancements and BMP that improve farm 
business profitability and sustainability.  

• To improve the uptake of rice industry BMP and the adoption of new technologies, and increase 
growers’ knowledge of the farming system and the benefits of managing farms as a system. 

Activities • Establish a stable and recognisable industry-supported extension team. 
• Establish an industry cadetship program to train and develop emerging industry advisors, maintain 

industry technical expertise, and ensure succession is in place. 
• Establish a central website to structure, store and share rice R&D information. 
• Incorporate the ECP.  
• Produce extension publications and communication tools covering R&D outcomes, BMP and 

updated ECP content. 
• Distribute relevant R&D findings, agronomic advice, NRM information and BMP guidelines to 

growers and other relevant parties through print, electronic communication, verbal and face-to-
face interaction. 

• Conduct grower meetings and rice field days at key times throughout the rice season. 
• Provide support for evolving grower groups. 
• Monitoring, evaluation, reporting and improvement (MERI). 

Outputs • 4,410 people attended 117 Rice Extension events over the life of the project.  
• 1,238 people attended 13 whole-of-industry events.  
• 1,505 attended 41 local events across the Murray Valley region.  
• 610 attended 23 local events in Coleambally.  
• 1,057 attended 40 local events in the MIA.  
• Developed Rice Extension client database covering all sectors of the industry. About 79% of 

SunRice growers subscribed to the Rice Extension client database by providing their contact 
details at Rice Extension events. 

• Six Innovator’s events were held, designed for young growers, new agronomists and new industry 
service providers.  

• Two Women in Rice events specifically designed for females with an important role on rice farms 
and in businesses serving rice growers.  

• The @riceextension Twitter account has 897 followers, which has grown from zero when the 
Twitter profile was started in December 2016. Sent 1633 tweets, uploaded 436 photos and videos, 
and received regular likes and retweets. The Rice Extension Facebook page followed 543 people 
and is linked to the Twitter feeds. 
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• Rice Extension Newsletter is emailed to 1,600 subscribers monthly. Open rate is typically 
between 35 and 45%, which is much higher than the industry average of 19.4% because the 
articles are designed to be targeted, topical and informative.  

• An analytics function was added to the new Rice Extension website in December 2017 
https://riceextension.org.au/. All traffic from newsletters, emails and event invites is now sent to 
the website. 

• Rice Extension PI Predictor web app has had high usage rates since its release in 2016 and again 
this season. From 8 December 2017 to 8 Jan 2018, there were 1,266 crops entered for a prediction 
of when PI would occur. 

• Rice$cenario was released in 2015. A number of training workshops were held in Rice$cenario 
and general business management. 

 

Outcomes • Continued attendance at events shows attendees trust the quality of information presented and 
understand the learnings.  

• Rice Extension publication titles are all available on the Rice Extension website. 
• Feedback from the Rice Industry Field Day and collected through surveys indicates satisfaction 

with the quality of information presented at this field day. Growers indicated they were going to 
make changes on their farms as a result of attending the day – try the new short season variety, 
DPW, and assess management practices with an eye on costs and water use. 

• A large extension effort promoted the results of NSW DPI research that found that drill sowing 
uses less water than aerial and dry broadcast sowing methods. The adoption of drill sowing as a 
water-saving technology increased over the period of the Rice Extension project. 

 

• The Rice Extension project promoted changes to the recommended sowing windows for a number 
of varieties as a result of outcomes from the Rice Variety and Agronomy Project conducted by 
Brian Dunn. Less than 20% of crops were planted earlier than the new 2017 recommended 
planting window.  

• Growers have fully subscribed to the available seed and production requirements of the two new 
shorter season varieties, with a planting window one month later than conventional varieties. The 
varieties have improved cold tolerance to withstand cool conditions during the reproductive phase, 
and are high yielding and save water.  

Impacts • Growers better informed. 
• Rice R&D outcomes are being adopted. 

  

https://riceextension.org.au/
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Project 
number 
and title 

PRJ-010696 
Extension for Improved Efficiency 

Project 
information 

Organisation: Ricegrowers’ Association of Australia 
Chief investigator: Troy Mauger 
Start date: 01/02/2018 
End date: 30/07/2020 

Objectives The principle objective is the uptake of rice industry best management practices and the adoption of 
new technologies. Effective and timely dissemination of key R&D information for rice-based farming 
systems will improve the adoption of new research findings and lead to higher grower productivity. 
Three of the five specific objectives are relevant to the Crop Productivity Cluster: 
1. Effective coordination between relevant public and private sector rice industry, including NSW 

DPI, SunRice, RRAPL, RGA ECP, NSW Local Land Services (LLS), private and retail 
researchers and agronomists, and other relevant commodity industries, government and growers. 
The effective coordination will:  
• Avoid duplication of RD&E effort and identify opportunities for working together, pooling 

resources, sharing RD&E Information within the rice industry and with other related 
industries, such as dryland grains and other irrigated crops 

• Provide a linkage for information to flow between growers and researchers to identify 
emerging issues for rice-based farming systems and better target research investment 

• Distribute best practice management information to growers as cost effectively as possible. 
2. Increased uptake of innovations, technological advancements and best management practices: 

• Short term, growers are attending more events to share knowledge and skills and learning 
more through targeted publications and digital communications. 

• Medium term, they are taking action, adopting practices and making changes on their own 
farms. 

• Long term, the improvements in water-use efficiency, farm business profitability and 
environmental sustainability of rice farming systems will improve the condition of the 
whole of industry. 

4. Better alignment of AgriFutures Rice Program Advisory Panel-funded programs with grower 
needs. Real outcomes from research and development programs that will result in real uptake 
and benefits on-farm. 

Activities • Annual Operating Plans and Communication Plans developed each year  
• Monthly Newsletter to growers (October, November, December, January, February, March and 

April)  
• Rice Extension website developed and maintained  
• Press releases and radio advertising each year on key events  
• Rice Extension Newsletter covering key topics such as drill sowing vs aerial and dry broadcast 

sowing, pests (notably armyworms), water depth management and cold weather management, 
stubble burning, new rice varieties, use of NIR and imaging for nitrogen topdressing, drill sowing, 
herbicide use, DWP 

• Rice Extension publications, such as the NSW DPI Rice Weed Pocket Guide  
• Agronomists Newsletter  
• Field days and walks for growers (covering topics such as BMP for drill-sown rice, water 

management, use of groundwater)  
• Field days for agronomists  
• Agronomists Technical Updates  
• Compiling rice-growing guides for Northern Australia (Rice Growing Guide, Variety Guide and 

Rice Crop Protection Guide)  
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• Milestone reports, including interim and annual  
• Biannual meetings of the Rice Extension Steering Group  
• Some alterations due to COVID-19 virus: the introduction of podcasts and webinars to the 

communication strategy, as well as more social media engagement (Twitter, WhatsApp). 

Outputs • More unique visitors to the Rice Extension website, with a 32% increase year on year in 2019-20: 
o 38% increase in the number of visits to the website and a 15% year on year increase of 

page views  
o 7,892 page views for the 12 months to 31 March 2020 

• Face-to-face engagements from 1 October to 30 March 2020 numbered 1,086 compared to 880 in 
C19, a 23% increase. There were 18 events held in 26 locations in C20. 

• Sowing methods to save water were essential in C20, including drill sowing and delaying 
permanent water on drill-sown crops  

• Milestone reports produced every six months 
• Increased social media engagement (Twitter) 

 
 

Outcomes The following are conclusions from the Evaluation of the Rice Extension program: 
• There have been considerable improvements in various rice agronomic practices, such as drill 

sowing, but attribution to RE is tenuous given there is no explicit program logic. 
• The AOP, M&E and communication plans are almost entirely output-focused, rather than 

outcome- or impact-focused. 

Outcomes reported in the annual progress report for the project: 

• More events in C20, notably with an increase in face-to-face engagement with stakeholders. This 
engagement covered 18 events at 26 locations. The increase in engagement is due to having three 
staff members (not all FTE) and a slight increase in grower numbers from 67 in C19 to 80 in C20.  

• The activities from Rice Extension resulted in a record percentage of drill-sown crops in C20. The 
biggest shift this season was in the MIA (where the preferred method of sowing had been dry 
broadcast), with 84% of the crop drill-sown. This was also the first season that 100% of crops in 
the EMV have been drill-sown (Source: Rice Extension Milestone Report 6; 25 April 2020) 

 

Impacts • Earlier adoption of on-farm R&D than would otherwise have happened (e.g. drill sowing) 
• Faster adoption of on-farm R&D than would otherwise have happened (e.g. drill sowing) 
• Higher crop yield due to earlier and faster adoption of agronomy R&D 
• Lower production cost due to adoption of on-farm R&D/Best Management Practices 
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Project investment 

Nominal investment 
The investment for the projects in this cluster is provided (Table 6) by funding source and for each 
project. This investment is the total investment (i.e. unapportioned) in all projects in this cluster by 
funding source.  

A total of $29.5 million (excluding the derived management cost) was expended on these projects. 
AgriFutures Australia provided funding of $11.3 million (38%) over the evaluation period (excluding 
the derived management cost). The research organisations involved in the projects provided $10.4 
million (35%), either directly or in-kind, and industry provided $7.7 million (26%). A total of 
$168,000 (1%) was provided by others.  

Table 6: Total investment in projects in the Crop Yield Productivity Cluster for years ending 
June 2017 to June 2022 (nominal) 

Project AgriFutures 
Australia 

Research 
organisation 

Industry Other Total 

PRJ-009772 $307,383 $312,795 $0 $20,000 $640,178 
PRJ-009790 $935,815 $946,701 $0 $135,000 $2,035,516 
PRJ-011058 $627,387 $592,220 $0 $0 $1,219,607 
PRJ-009271 $308,061 $111,027 $20,000 $13,000 $452,088 
PRJ-009923 $200,000 $0 $0 $0 $200,000 
PRJ-010136 $113,547 $53,809 $0 $0 $167,356 
PRJ-010188 $413,762 $710,131 $0 $0 $1,123,893 
PRJ-009950 $5,926,340 $7,387,174 $7,677,088 $0 $20,990,602 
PRJ-007580 $83,607 $270,646 $42,946 $0 $397,199 
PRJ-010696 $1,661,655 $0 $0 $0 $1,661,655 
PRJ-009296 $750,000 $0 $0 $0 $750,000 
Management 

costb $1,132,756 $1,038,450 $774,003 $16,800 $2,949,407 

Total $12,460,313 $11,422,953 $8,514,037 $184,800 $32,443,474 
Source: AgriFutures Australia (2020) 
b Based on the management cost multiplier explained in the next section. 

Not all of the funds invested in each project and shown in Table 6 were included in the impact 
assessment for the Crop Yield Productivity Cluster. Some projects (e.g. the extension projects and the 
Australian Rice Partnership) were also applicable to the Water-Use Efficiency Cluster and to the Rice 
Quality & Premium-Priced Markets Cluster. The funds invested in these projects were proportionately 
allocated to each cluster. The assumed allocations to the Crop Yield Productivity Cluster for each 
project are shown in Table 7. 
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Table 7: Proportion of investment to Crop Yield Productivity Cluster 

Project Proportion of total investment 
allocated to cluster 

PRJ-009772 85% 
PRJ-009790 85% 
PRJ-011058 85% 
PRJ-009271 30% 
PRJ-009923 50% 
PRJ-010136 80% 
PRJ-010188 100% 
PRJ-009950 65% 
PRJ-007580 100% 
PRJ-010696 65% 
PRJ-009296 65% 

Based on these allocations, a nominal allocated total of $21.97 million was invested in the projects 
included in the Crop Yield Productivity Cluster. This total includes the management cost. 

Program management and communication/extension costs 
The estimated cost of managing the projects was added to the total project costs (in Table 6) via a 
management cost multiplier, which for AgriFutures Australia was assessed at 1.10. The same 
multiplier was used for all funding sources.  

The multipliers accommodate the allocation of indirect RD&E expenditure (management and 
administrative resources) across individual projects, ensuring that the full costs of RD&E funding are 
included as per the CRRDC Impact Assessment Guidelines (CRRDC, 2018). The use of multipliers is 
an accountability item only.  

All training and extension costs associated with this project were included in the form of the two 
included extension projects – PRJ-010696 and PRJ-009296.  

Real cost of investment 
For the purposes of the investment analysis, the investment costs of all parties were expressed in 
2019-20 dollar terms using the Implicit GDP Deflator index (ABS, 2020). 
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Impacts 
A summary of the types of impacts and potential impacts associated with the outcomes of the project 
is shown in Table 8.  

Table 8: Categories of impacts and potential impacts from the investment in the Crop Yield 
Productivity Cluster 

Economic 
1. Higher crop yield from agronomic R&D: more accurate use of nitrogen on rice crops, better 

timing of planting, better water management, application of existing chemicals, availability 
of new chemical for weed control and control of pests  

2. Lower cost of nitrogen application  
3. Higher adoption of best management practices, including pest and weed management  
4. Better rice varieties leading to higher average yields, improved disease resistance and better 

cold tolerance  
5. Access to better pesticides and herbicides  
6. Reduced speed and incidence of pest and weed resistance to existing pesticides and 

herbicides  
7. Less production risk  
8. Maintenance of profitability of rice growing and enhanced competitiveness against other 

crops and water-using industries (notably cotton and almonds)  
9. Cost savings from the plant and grain analysis provided to other rice projects  

Environmental  
1. Less chemical residues in the environment due to lower application of herbicides and 

pesticides  
2. Less excess nutrient release into the environment  
3. Contribution to Australia’s ‘clean, green’ image due to lower demands on scarce water 

resources and less chemicals and nutrient use  

Social 
1. Increased sustainability of the industry  
2. Contribution to regional and local employment from growing and processing rice  
3. More scientific capacity in the rice industry  
4. Better community welfare flowing from higher rice farm productivity and profitability  
5. Improved societal perception of the rice industry as a sustainable industry  

 

Public versus private impacts  
The principal potential impacts would accrue to the private sector, predominantly rice growers and 
SunRice. Environmental benefits accrue to both private and public, including benefits to the local and 
Australian community through less agricultural chemical inputs in the farming system and better 
water-use efficiency. Social benefits will be realised by the local and Australian community through 
maintenance of employment in the growing and processing industries, and higher profitability and 
productivity in the rice industry. 

Distribution of impacts along the supply chain  
The economic benefits from the project will accrue to rice growers, SunRice (as processors and 
marketers) and to the customers of Australian rice in the domestic and export markets. The project’s 
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environmental and social benefits will go to participants in the rice industry, to the local, regional and 
Australian communities, and to the communities of the export markets. 

The actual distribution of economic benefits among the supply chain sectors (growers, SunRice and 
customers in the domestic and export markets) will depend on the relative own-price elasticities of 
supply and demand1, as well as the input substitution elasticities at processing. The distribution of 
benefits arising from the investment in RD&E in the rice industry is detailed in the main report for the 
impact assessment of the four project clusters, including the Crop Yield Productivity Cluster. 

Impacts on other primary industries 
There may be some positive impacts to other primary industries, notably other field crop industries, 
that may benefit from some of the projects through the development of new agronomic systems. There 
may also be spillover benefits for scientific research capacity, with scientists moving between industries.  

Impacts overseas 
There would be some international impacts from the higher efficiency and productivity in the 
Australian rice industry in terms of competition for other rice-growing countries and benefits to 
overseas consumers of Australian rice. Benefits would also arise from the improved scientific 
knowledge and techniques from the R&D investments in the Rice Industry RD&E Program, which is 
conveyed in papers at international conferences and in scientific literature. 

Match with national and AgriFutures Australia priorities 
The Australian Government’s Science and Research Priorities and Rural RD&E priorities are 
reproduced in Table 9. The investment in the Rice Industry 5-Year RD&E Plan and in the projects in 
the Crop Yield Productivity Cluster contributes to all four Rural RD&E Priorities. It also contributes 
to the Science and Research Priorities 1 and 2.  

Table 9: Australian Government Research Priorities 

Australian Government 
Rural RD&E Priorities (est. 2015) 

 
Science and Research Priorities (est. 2015) 

1. Advanced technology 
2. Biosecurity 
3. Soil, water and managing natural resources 
4. Adoption of R&D 

1. Food 
2. Soil and Water  
3. Transport 
4. Cybersecurity  
5. Energy 
6. Resources  
7. Advanced Manufacturing  
8. Environmental Change 
9. Health 

Sources: Commonwealth of Australia (2016) and Office of the Chief Scientist (2015) 

 
1 The elasticity of supply and of demand is a key variable used in economics. It measures the responsiveness of 
supply or demand to a change in price. An elasticity of less than 1 means that the quantity of supply or demand 
reacts proportionately less to a 1% change in price, while an elasticity of greater than 1 means the quantity of 
supply or demand reacts proportionately more to a 1% change in price. 
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AgriFutures Australia Arenas and priorities 
AgriFutures Australia’s Four Arenas and Priorities for each are presented in Table 10. The Rice 
RD&E Program (and the projects included in the Crop Yield Productivity Cluster) addresses the 
priorities in Arena 1 and the three priorities in Arena 3. 

Table 10: AgriFutures Australia Arenas and Priorities 

Arenas Priorities 

1. People and leadership 
• Attracting capable people into careers in agriculture 
• Building the capability of future rural leaders 

2. National challenges and 
opportunities 

• Informing debate on issues of importance to rural 
industries  

• Adapting new technologies for use across rural industries 
• Working collaboratively on issues common across rural 

sectors 

3. Growing profitability 

• Engaging industry participants in determining RD&E 
priorities 

• Investing in innovation that assists levied industries to be 
more profitable 

• Delivering outcomes to maximise industry uptake and 
adoption 

4. Emerging industries 
• Supporting the early-stage establishment of high-potential 

rural industries 
Source: AgriFutures Australia Strategic Plan (2018)  

The objectives of the Rice Program RD&E Plan 2016-17 to 2021-22 are as follows: 

1. Cross-sectorial research required to achieve the Dry Rice 1.5 t/ML water-use efficiency target by 
2030.  

2. Rice breeding – varieties and quality improvement  
3. Farm productivity – crop inputs, crop protection and the farming system  
4. Extension, sustainability and human capital.  

The projects included in the Crop Yield Productivity Cluster address objectives 2 to 4.  

Valuation of impacts 

Counterfactual – the ‘without R&D’ scenario 

Without the investment by AgriFutures Australia and its partner organisations in the projects in the 
Crop Yield Productivity Cluster, it is assumed that there would be some gains in crop yield and in 
lower production costs. However, the rate of crop yield productivity gain would not be as great as 
with the R&D investment, and the adoption of R&D outcomes would be slower than with the 
investment in the extension activities.  

Impacts valued 

The evaluation approach consists of a mix of ex post and ex ante economic analysis of the benefits 
arising from the 11 projects in the Crop Yield Productivity cluster. For some projects, the R&D 
results became available and were extended to growers during the Rice Program RD&E plan, 2016-17 
to 2021-22. As a result, these benefits are, at least to an extent, ex post. However, all of the breeding 
outcomes and some of the agronomic outcomes are still to be realised, extended to and adopted by 
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rice growers. The impact assessment for these projects are, therefore, ex ante, although they are 
mostly ex-project (i.e. the project has concluded). 

Where possible, the economic impacts identified for the 11 projects in the cluster and listed in Table 8 
were valued objectively using benefit-cost analysis. In particular, crop yield impacts of the agronomic 
and breeding projects were assessed, as were the impacts of improved pesticides and herbicides, the 
lower cost of nitrogen application and the adoption of best management practices. The assumptions 
related to the impacts are shown in Table 12.  

Attribution 

The attribution of the investment in the 11 projects in the Crop Yield Productivity Cluster to the 
identified benefits varied, depending on the project. The attribution was based on the proportion of 
investment made in the five years (2016-17 to 2020-21) compared with investments in the previous 
RD&E plan, with adjustment based on expert opinion. The attribution ranged from 25% to 50% (as 
shown in Table 12).  

Summary of assumptions 

Some assumptions were needed for the impact assessment. Table 11 shows the base assumptions, 
while Table 12 shows the assumptions associated with the agronomic R&D projects. Table 13 
provides the assumptions for the new variety releases, while Table 14 shows the probability 
assumptions for the new variety releases.  

The assumptions have been based on objective data, where it is available, and subjective assessment. 
The decisions on the assumptions in Table 11 to Table 12 were guided by rice industry expert 
opinion, notably Chris Quirk (pers comm, September and October 2020), Troy Mauger (pers comm, 
September and October 2020), and Brian Dunn (pers comm, September and October 2020). The 
assumptions used were conservative estimates of the impacts these experts provided.  

Given the variability of expert opinion about the forecast crop yield impact achieved by the new 
varieties and to the agronomic management practices, these assumptions are tested in the scenario 
analysis.   
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Table 11: Summary of base assumptions for Crop Yield Productivity Cluster 

Variable Assumption Source 

Average annual rice area for NSW 
(’000 ha) 
5-year average: 2014-15 to 2018-19 

48.6 
(+/- 30.0) 

ABS (2020c) and ABARES 
(2020a) 

Annual rice production (’000 tonnes) 
5-year average: 2014-15 to 2018-19 

489.1 
(+/- 315) ABS (2020c) 

Volume of water applied per annum 
(megalitres) 
5-year average: 2014-15 to 2018-19 

588,793 
(+/- 375,850) ABS (2020b) 

Area sown/watered (’000 ha) 
5-year average: 2014-15 to 2018-19 

49.4 
(+/- 31.3) ABS (2020b) 

Water application rate (ML/ha) 
5-year average: 2014-15 to 2018-19 

11.61 
(+/- 1.03) Derived from ABS (2020b) 

Grain yield per hectare (t/ha)  10.95 
(+/- 0.62) 

Derived from NSW DPI and 
ABS 

Grain yield per megalitre (t/ML) 
5-year average: 2014-15 to 2018-19 

0.85 
(+/- 0.04) 

Derived from NSW DPI and 
ABS 

Average farmgate price for Reiziq 
($/tonne) 

$485 
(+/- 160) SunRice 

Management cost multiplier 1.10 AgriFutures Australia cost 

 

Table 12: Summary of assumptions for Crop Yield Productivity improvements (agronomic) 

Variable Assumption Source 

Improvement in crop yield from R&D 

NDRE system 3% 
(range 1% to 5%) 

Poimena Analysis, based on expert 
opinion 

Agronomy/nitrogen research 4% 
(range 0% to 10%) 

Poimena Analysis, based on expert 
opinion 

Weed control 2% 
(range 0% to 4%) 

Poimena Analysis, based on expert 
opinion 

Rice pest & disease 
biosecurity 

2% 
(range 0% to 5%) 

Poimena Analysis, based on expert 
opinion 

Years to maximum adoption (from 1st year of use) 

NDRE system 5 Poimena Analysis, based on expert 
opinion 

Agronomy/nitrogen research 5 Poimena Analysis, based on expert 
opinion 

Weed control 5 Poimena Analysis, based on expert 
opinion 

Rice pest & disease 
biosecurity 10 Poimena Analysis, based on expert 

opinion 
First year of adoption 

NDRE system 2022 Poimena Analysis, based on expert 
opinion 

Agronomy/nitrogen research 2018 Poimena Analysis, based on expert 
opinion 

Weed control 2020 Poimena Analysis, based on expert 
opinion 
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Rice pest & disease 
biosecurity 2021 

Poimena Analysis, based on expert 
opinion 

Maximum adoption (%) 

NDRE system 65% Poimena Analysis, based on expert 
opinion 

Agronomy/nitrogen research 60% Poimena Analysis, based on expert 
opinion 

Weed control 60% Poimena Analysis, based on expert 
opinion 

Rice pest & disease 
biosecurity 10% Poimena Analysis, based on expert 

opinion 
Cost of implementing ($/ha/annum) 

NDRE system $0 Poimena Analysis, based on expert 
opinion 

Agronomy/nitrogen research $10 Poimena Analysis, based on expert 
opinion 

Weed control $25 Poimena Analysis, based on expert 
opinion 

Rice pest & disease 
biosecurity $5 Poimena Analysis, based on expert 

opinion 
Attribution of benefits to projects 

NDRE system 30% 
(range 20% to 50%) 

Poimena Analysis based on investment in 
previous years 

Agronomy/nitrogen research 30% 
(range 20% to 50%) 

Poimena Analysis based on investment in 
previous years 

Weed control 25% 
(range 15% to 40%) 

Poimena Analysis based on investment 
starting before 2017 

Rice pest & disease 
biosecurity 

50% 
(range 40% to 60%) 

Poimena Analysis based on investment in 
previous years 

 

Table 13: Assumptions for new variety releases 

Variety First 
year 
grown 

Variety 
replaced 

Maximum 
area 
(% total 
rice area) 

Time to 
peak 
adoption 
(years) 

Yield 
impact 

Price 
($/tonne) 

Other 
impacts 

V071 
(YRE16) 2022 Reiziq 70% 5 9% 

(5%-15%) $485 - 

V025 
(YRA18) 2023 Viand 8% 5 5% $485 Short 

season 
V037 
(YUA15) 2023 Reiziq 70% 5 15% $485  

V038 
(YUE15) na Reiziq 70% 5 0% $485  

 

Table 14: Probability assumptions for new varieties 

Variety Probability of 
release 

Probability of 
impact 

Attribution to 
investment 

V071 (YRE16) 100% 90% 40% (30% to 50%) 
V025 (YRA18) 70% 80% 40% 
V037 (YUA15) 30% 30% 40% 
V038 (YUE15) 0% 0% 40% 
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Other implied assumptions 

Average seasonal conditions are assumed. Of course, total production swings significantly between 
years, depending on seasonal conditions and water availability. This variability is illustrated by the 
ranges for the rice area planted, annual rice production, volume of water applied, and area of rice 
watered. This variability is addressed in the sensitivity analysis of the net benefits.  

Other implied assumptions: 

• For growers, the cost of seed for the new variety is the same as existing varieties.  
• No correlations are modelled between the variables. 

Other impacts identified but not valued 

Some impacts identified for the projects in the Crop Yield Productivity Cluster cannot be valued for 
the economic impact assessment. They include: 

• Reduction in production risk arising from lower demand for water. 
• Cost savings from the plant and grain analysis provided to other rice projects. 
• The contribution of these projects to a reduction in chemical usage in the environment from 

better disease resistance.  
• The contribution of these projects to a reduction in chemical and nitrogen usage in the 

environment by ensuring that growers do not overuse chemicals and nitrogen. 
• Contribution to Australia’s ‘clean, green’ image due to lower demands on scarce water resources 

and less chemical and nutrient use. 
• The spillover social impacts to the rural communities where rice processing plants are located 

from ensuring maintenance and growth of the rice industry, including job opportunities and 
social and community linkages and support.  

• Better societal perception of the rice industry as a sustainable industry. 

These impacts were not valued because of insufficient available information on these spillovers. This 
is not to say that these impacts are not valuable and important. They are very important, but the 
methodology and lack of data does not enable valuation. 
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Results 
All past costs and benefits were expressed in 2019-20 dollar terms using the Implicit Price Deflator 
for Gross Domestic Product (ABS, 2020). All benefits after 2019-20 were expressed in 2019-20 dollar 
terms using a discount rate of 5%. A reinvestment rate of 5% was used for estimating the MIRR. The 
base analysis used the best estimates of each variable, notwithstanding a high level of uncertainty for 
many estimates. All analyses ran for a period of 30 years after the last year of investment (2021-22).  

The investment criteria are reported for the whole of the Crop Yield Productivity Cluster investment 
in Table 15. Note that the present value of costs in this table reflect the cost of the 11 projects 
allocated to this cluster. Because some projects in the cluster also contribute to the Water-Use 
Efficiency Cluster and the Rice Quality and Premium-Priced Markets Cluster, the total shown in 
Table 15 is lower than the total investment in these 11 projects (Table 6). 

The present value of benefits was estimated by applying the proportion of total benefits (after 
attribution) to the annual estimated cash flow of total discounted benefits. The cluster provides a very 
strong return on investment, with net present value (NPV) of just under $130 million after 30 years 
and a benefit-cost ratio (BCR) of 6.39 at year 30. This generates an MIRR of 10.3% after 30 years. 
The NPV is positive after five years (i.e. the discounted sum of the project costs outweighs the 
discounted sum of the costs). Breakeven returns are achieved in year four. 

Table 15: Investment criteria for total investment in the Crop Yield Productivity Cluster 
(discount rate 5%) 

Investment criteria 
 

Years from end of RD&E plan 
0 5 10 15 20 25 30 

Present value of benefits ($m) $2.83 $35.83 $70.52 $98.59 $121.15 $139.27 $153.82 
Present value of costs ($m) $24.08 $24.08 $24.08 $24.08 $24.08 $24.08 $24.08 
Net present value ($m) -$21.25 $11.75 $46.44 $74.51 $97.06 $115.18 $129.74 
Benefit-cost ratio  0.12 1.49 2.93 4.09 5.03 5.78 6.39 
Internal rate of return (%) -63.4% 9.4% 17.6% 19.6% 20.2% 20.5% 20.6% 
Modified internal rate of return (%) -35.9% 7.8% 11.8% 12.0% 11.4% 10.9% 10.3% 

The annual cash flows of undiscounted benefits and costs for the investment in the Crop Yield 
Productivity Cluster projects are shown in Figure 2. 
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Figure 2:  Flow of benefits and costs from Crop Yield Productivity Cluster investment 

 

 

Because there are two sets of investments in the Crop Yield Productivity Cluster – one for agronomic 
projects and one for breeding – the investment criteria for each set are shown in Table 16 (agronomy) 
and Table 17 (breeding).  

Table 16: Investment criteria for the agronomy investment in the Crop Yield Productivity 
Cluster (discount rate 5%) 

Investment criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $1.80 $14.71 $26.81 $36.58 $44.44 $50.76 $55.85 
Present value of costs ($m) $6.79 $6.79 $6.79 $6.79 $6.79 $6.79 $6.79 
Net present value ($m) -$4.99 $7.92 $20.02 $29.79 $37.65 $43.97 $49.06 
Benefit-cost ratio  0.26 2.17 3.95 5.39 6.55 7.48 8.23 
Internal rate of return (%) -38.3% 16.7% 22.9% 24.3% 24.7% 24.8% 24.9% 
Modified internal rate of return (%) -24.6% 12.2% 14.3% 13.7% 12.8% 12.0% 11.2% 

 

Table 17: Investment criteria for the breeding investment in the Crop Yield Productivity 
Cluster (discount rate 5%) 

Investment criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $1.04 $21.12 $43.71 $62.02 $76.71 $88.50 $97.97 
Present value of costs ($m) $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 
Net present value ($m) -$16.26 $3.83 $26.42 $44.72 $59.42 $71.21 $80.68 
Benefit-cost ratio  0.06 1.22 2.53 3.59 4.44 5.12 5.67 
Internal rate of return (%) N/A 5.9% 15.1% 17.5% 18.3% 18.6% 18.7% 
Modified internal rate of return (%) -43.4% 5.6% 10.7% 11.1% 10.8% 10.4% 9.9% 
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As these two tables show, the returns on investment in both sets of projects are strongly positive. On a 
total $ return basis, the breeding investment generates the highest NPV, $80.68 million after 30 years, 
compared with $49.06 million generated from agronomy investments. However, the total $ invested 
in agronomy projects is significantly lower than in breeding projects, so the BCR for the agronomy 
projects was higher at a robust 8.23:1. The BCR for the breeding projects was still a very healthy 
5.67:1. The MIRR was 11.3% for the agronomy projects, and 9.9% for the breeding projects. 

Breakeven for the agronomy projects was achieved during year three, while it was in year 6 for the 
breeding projects.  

Sensitivity analyses 
As noted in the list of assumptions in Table 12, some variables are uncertain. Sensitivity analyses 
were carried out for some of these variables. In a sensitivity analysis, variables are adjusted one at a 
time (while all other variables remain the same and are set on the base case or central assumptions). 
This analysis was carried out on the following variables in the model: 

• Discount rate 
• Improvement in crop yield from: 

- the NDRE system  
- the agronomy research 
- weed control  
- rice pest and disease biosecurity  

• Improvement in crop yield from variety V071 (YRE16) 
• Farmgate price for rice  
• Attribution of benefits to the new crop varieties 
• Attribution of benefits to the NDRE system, the agronomy research and the weed control 

research.  

The results are reported in Table 18 to Table 23. All sensitivity analyses were performed on the total 
investment using a 5% discount rate with benefits taken over the 30-year period. All other parameters 
were held at their base values for the sensitivity analyses. 

Table 18 shows the investment results are quite sensitive to the discount rate chosen. For example, the 
benefit-cost ratio for the total investment has a relatively significant range of 4.54 to 9.58. 
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Table 18: Sensitivity to discount rate for the Crop Yield Productivity Cluster (30 years) 

Criterion Discount Rate  
2% Base (5%) 8% 

Present value of benefits ($m) 
Total $223.09 $153.82 $113.08 
Agronomy $80.05 $55.85 $41.61 
Breeding $143.04 $97.97 $71.47 

Present value of costs ($m) 
Total $23.29 $24.08 $24.91 
Agronomy $6.53 $6.79 $7.06 
Breeding $16.76 $17.29 $17.85 

Net present value ($m) 
Total $211.68 $129.74 $100.79 
Agronomy $60.31 $49.06 $20.87 
Breeding $119.75 $80.68 $46.56 

Benefit-cost ratio 
Total 9.58 6.39 4.54 
Agronomy 12.27 8.23 5.89 
Breeding 8.53 5.67 4.00 

MIRR (%) 
Total 8.7% 10.3% 12.1% 
Agronomy 9.6% 11.2% 13.0% 
Breeding 8.3% 9.9% 11.6% 

Table 19 provides sensitivity analyses for the lower bound of improvement in crop yield for different 
agronomic and breeding outcomes. Table 20 shows the analysis for the upper bound of improvement. 
As can be seen, the investment criteria are particularly sensitive to a change in crop yield from the 
agronomy research (nitrogen and other aspects), with the benefit-cost ratio rising to 7.89 in the 
optimistic scenario. The results are also sensitive to the assumed yield improvement arising from the 
release of rice variety V071 (YRE16), with the total BCR lifting to 8.71:1 with the optimistic 
assumption about the yield improvement. 

The results show that even with the set of pessimistic assumptions, the investment criteria are still 
positive. 
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Table 19: Sensitivity to Lower Crop Yield Change (5% discount rate over 30 years) 

Criterion Base NDRE Agronomy/nitrogen Weed control Pest & disease V071 (YRE16) 
Net present value ($m) 

Total $129.74 $114.87 $105.61 $117.17 $128.62 $90.39 
Agronomy $49.06 $34.19 $24.93 $36.49 $47.94 $49.06 
Breeding $80.68 $80.68 $80.68 $80.68 $80.68 $41.32 

Benefit-cost ratio 
Total 6.39 5.77 5.39 5.87 6.34 4.75 
Agronomy 8.23 6.04 4.67 6.38 8.06 8.23 
Breeding 5.67 5.67 5.67 5.67 5.67 3.39 

MIRR (%) 
Total 10.3% 10.0% 9.7% 10.0% 10.3% 9.4% 
Agronomy 11.2% 10.3% 9.3% 10.4% 11.2% 11.2% 
Breeding 9.9% 9.9% 9.9% 9.9% 9.9% 8.3% 
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Table 20: Sensitivity to Higher Crop Yield Change (5% discount rate over 30 years) 

Criterion Base NDRE Agronomy/nitrogen Weed control Pest & disease V071 (YRE16) 
Net present value ($m) 

Total $129.74 $144.61 $165.94 $142.31 $131.42 $185.62 
Agronomy $49.06 $63.93 $85.26 $61.63 $50.74 $49.06 
Breeding $80.68 $80.68 $80.68 $80.68 $80.68 $136.56 

Benefit-cost ratio 
Total 6.39 7.01 7.89 6.91 6.46  8.71 
Agronomy 8.23 10.42 13.56 10.08 8.48  8.23 
Breeding 5.67 5.67 5.67  5.67 5.67  8.90 

MIRR (%) 
Total 10.3% 10.6% 11.0% 10.6% 10.4% 11.3% 
Agronomy 11.2% 12.0% 13.1% 12.0% 11.3% 11.2% 
Breeding 9.9% 9.9% 9.9% 9.9% 9.9% 11.3% 
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The analysis shows the investment results are very sensitive to the price for rice (see Table 21). Given 
the large range in farmgate price for rice, this sensitivity is not surprising. Even with the lower price, 
investment returns are strongly positive. The price of rice would need to fall to just $132/tonne for the 
NPV to be at $0, and the BCR to be at 1.  

Table 21: Sensitivity to farmgate price for the Crop Yield Productivity Cluster (30 years) 

Criterion Farmgate price  
Base ($485/tonne) $325/tonne $645/tonne 

Net present value ($m)    
Total $129.74 $70.90 $188.58 
Agronomy $49.06 $27.27 $70.86 
Breeding $80.68 $43.63 $117.73 

Benefit-cost ratio    
Total 6.39 3.94 8.83 
Agronomy 8.23 5.02 11.44 
Breeding 5.67 3.52 7.81 

MIRR (%)    
Total 10.3% 8.8% 11.4% 
Agronomy 11.2% 9.6% 12.4% 
Breeding 9.9% 8.4% 10.9% 

The attribution generated for each project was also assessed for the sensitivity of the benefits to 
changes in attribution of the projects to the defined impacts. The results are shown in Table 22 (for the 
low attribution case) and Table 23 (for the high attribution case). As can be seen, the results are 
sensitive to the attribution for the NDRE and agronomy (nitrogen) projects, and for the new variety 
V071 (YRE16). It is less sensitive to the assumed attribution for the other two project streams. 

The sensitivity of the results to the various parameters are shown graphically in Figure 3. 
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Table 22: Sensitivity to lower attribution (5% discount rate over 30 years) 

Criterion Base NDRE Agronomy/nitrogen Weed control Pest & disease V071 (YRE16) 
Net present value ($m) 

Total $129.74 $122.31 $122.09 $125.94 $129.53 $105.25 
Agronomy $49.06 $41.63 $41.41 $45.26 $48.85 $49.06 
Breeding $80.68 $80.68 $80.68 $80.68 $80.68 $56.19 

Benefit-cost ratio 
Total 6.39 6.08 6.07 6.23 6.38 5.37 
Agronomy 8.23 7.13 7.10 7.67 8.20 8.23 
Breeding 5.67 5.67 5.67 5.67 5.67 4.25 

MIRR (%) 
Total 10.3% 10.2% 10.1% 10.2% 10.3% 9.8% 
Agronomy 11.2% 10.8% 10.7% 11.0% 11.2% 11.2% 
Breeding 9.9% 9.9% 9.9% 9.9% 9.9% 9.0% 
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Table 23: Sensitivity to higher attribution (5% discount rate over 30 years) 

Criterion Base NDRE Agronomy/nitrogen Weed control Pest & disease V071 (YRE16) 
Net present value ($m) 

Total $129.74 $144.61 $145.05 $135.45 $129.96 $154.24 
Agronomy $49.06 $63.93 $64.37 $54.77 $49.28 $49.06 
Breeding $80.68 $80.68 $80.68 $80.68 $80.68 $105.17 

Benefit-cost ratio 
Total 6.39 7.01 7.02 6.62 6.40 7.40 
Agronomy 8.23 10.42 10.48 9.07 8.26 8.23 
Breeding 5.67 5.67 5.67 5.67 5.67 7.08 

MIRR (%) 
Total 10.3% 10.6% 10.6% 10.4% 10.3% 10.8% 
Agronomy 11.2% 12.0% 12.1% 11.6% 11.3% 11.2% 
Breeding 9.9% 9.9% 9.9% 9.9% 9.9% 10.6% 
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Figure 3: Sensitivity analysis for the Crop Yield Productivity Cluster – discount rate 

 

A natural extension of sensitivity analysis is to use stochastic modelling to incorporate multiple 
assumptions and the uncertainty associated with each input (ranges). The results are based on input 
distributions for key assumptions set using three-point estimates for each variable. No correlations are 
modelled in the stochastic simulation, implying all variables are independent of each other. 

The distribution of the BCR outcomes for the Crop Yield Productivity Cluster on a 30-year 
investment horizon indicates a greater than 80% probability of a BCR of greater than 4 when the 
breeding and agronomy programs are combined (Figure 4). On a 10-year investment period, there is a 
59% probability that the BCR would be between 2 and 4. 

Of the two programs, the investment returns in agronomy have the higher probability in yielding a 
BCR above 4 at 90% (Figure 6). By comparison, based on the range of inputs, the probability of the 
breeding program returning above a BCR of 4 is 73% over a 30-year investment. If the benefits were 
confined to a 10-year period for the breeding program, there is a negligible chance a BCR of 4 would 
be met (Figure 5).  
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Figure 4: BCR Distribution Outcomes for the Yield Productivity Cluster (Breeding and 
Agronomy) for 10- and 30-year investment horizons – 5% Discount Rate 

 

Figure 5: BCR Distribution Outcomes for Breeding Program for 10- and 30-year investment 
horizons – 5% Discount Rate 
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Figure 6: BCR Distribution Outcomes for Agronomy Program for 10- and 30-year 
investment horizons – 5% Discount Rate 

 

 

Confidence ratings 
As noted above, the investment analysis results are highly dependent on the assumptions, many of 
which are uncertain. Two factors 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 about the assumptions made, 
including the linkage between the research and the assumed outcomes and impacts.  

A confidence rating based on these two factors has been given to the results of the investment analysis 
(Table 24). The rating categories used are high, medium, and low, where: 

High A good coverage of benefits or reasonable confidence in the assumptions made 

Medium Only a reasonable coverage of benefits or some uncertainties in assumptions made 

Low A poor coverage of benefits or many uncertainties in assumptions made 

 

Table 24: Confidence in analysis of project 

Coverage of benefits Confidence in assumptions 

Medium Medium because of variability in the views 
about the likely crop yield increase 
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Conclusions 
The investment by AgriFutures Australia and the industry in the 11 projects included in the Crop 
Yield Productivity Cluster provides a very good return, in terms of the net present value, the benefit-
cost ratio and the modified internal rate of return. The agronomy set of projects provide the best return 
on a BCR and MIRR basis, although the breeding investments provide the greatest $ return in terms 
of the NPV due to the relative size of the initial investment. 

Based on the assumptions made, the total investment by AgriFutures Australia, the industry and the 
research organisations of $24.08 million (present value) in the 11 projects from 2016-17 to 2021-22 
has produced an estimated total gross benefit over 30 years of $153.82 million attributed to the 
projects. This provides an NPV of the cluster of $107.82 million, with a benefit-cost ratio of 6.39 (at a 
5% discount rate). Over 30 years, there was an IRR of 20.6% and a MIRR of 10.3%. 

Of the $129.74 million net return, the investment in the agronomy projects realised an NPV of $49.06 
million. However, given the lower investment of $6.79 million in these projects, there was a higher 
benefit-cost ratio of 8.23, with an MIRR of 11.2% than for the investment in Breeding projects. The 
breeding projects investment realised a greater NPV return of $80.68 million. With a much higher 
investment of $17.29 million, the benefit-cost ratio and MIRR was a little lower, but still significant, 
at 5.67 and 10.3%, respectively. 

A conservative approach has been taken with the assumptions used. There is some uncertainty about a 
number of the assumptions used in the analysis. Sensitivity analysis shows that the results are 
sensitive to certain assumptions. Overall, the static sensitivity analysis shows that the NPV of the 
cluster could be as high as $211.68 million and as low as $70.90 million, while the BCR could be as 
high as 9.58 and as low as 3.94. Even with the lowest result, the cluster still returns positive results, 
including a MIRR of 8.8%. The results were most sensitive to the assumption about the discount rate 
used, the farmgate price of rice and the yield improvement arising from the breeding investment. 

Allowing for variations in multiple assumptions, there is greater than 80% probability that the cluster 
would achieve a BCR of greater than 4:1 over 30 years. This provides the industry confidence that its 
investment is providing a strong return.  

These results exclude some environmental and social benefits that could not be valued. They include 
the local community benefits from a profitable, productive rice industry (including rice processing) 
through the availability of employment in rural communities, with the attendant social benefits that 
maintaining or even growing populations bring to rural towns. It also includes the contribution to 
changing the Australian society’s perception of the rice industry as sustainable, notably in 
management of scarce water resources in the Murray-Darling Basin. While these benefits could not be 
valued in this assessment, they are important benefits arising from the RD&E Program. 
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Recommendations 
There are two recommendations arising from undertaking the impact assessment: 

1. Enhance the information on funded RD&E projects to assist in future impact assessments 

An impressive amount of industry data from SunRice, NSW DPI, ABS and ABARES provided a very 
good basis for the assessment. However, some information that was needed to guide the assumptions 
used in the impact assessment was very limited or non-existent. This includes some assumptions listed 
in tables 12 and 13, notably the improvement in crop yield from the various agronomy projects and 
the new varieties, as well as the on-farm cost to implement the findings of the various projects. Future 
impact assessments would benefit significantly from final and progress reports from the research 
projects that clearly spell out the likely farm-level impacts on crop yield, water-use efficiency and 
other metrics, as well as the indicative on-farm cost for implementing the research results. It is 
recommended that AgriFutures Australia includes this requirement from researchers; that researchers 
provide this information; and that AgriFutures Australia captures this data for use in future impact 
assessments.  

2. Consider conducting true ex post assessments of projects 

Much of the impact assessment for the Crop Yield Productivity Cluster was not a true ex post analysis 
because the findings of the RD&E have only recently been finalised and released, or have not yet 
been made available to growers or the new varieties have not been released. In other words, the 
assessment is often an ex-project assessment. The assumptions are therefore uncertain. AgriFutures 
Australia should consider conducting true ex post impact assessments of a selection or cluster of 
projects to confirm the results of this current assessment. This could be conducted after allowing a 
suitable time after the projects have been completed, and a sufficient time for findings to be adopted 
and new varieties to be released.  
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