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The AgriFutures™ Rice Program is now in its third year 
of the 2016/17-2021/22 five-year strategic plan and has 
14 current investments in RD&E projects across New 
South Wales and Queensland. 

In mid-2018 the Rice Advisory Panel and industry 
reviewed and revised the five year plan to place 
a greater emphasis on the need to improve water 
productivity for the industry, highlighting that this may 
require cross-sectoral investment to achieve. The Plan 
was approved by the AgriFutures Australia board in 
September 2018 and focusses on RD&E to improve rice 
industry water use productivity and achieve the Dry Rice 
target of 1.5 t/ML by 2030. The plan also recognises that 
the adoption of reduced irrigation rice production needs 
to deliver commercially acceptable yields with reduced 
duration or intensity of irrigation. It identifies four key 
objectives for RD&E:

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

2. Rice breeding – varietal and quality improvement

3. Farm productivity – crop inputs, crop protection and 
the farming system

4. Extension, communication and partnership 
development.

In 2018/19, the program established research 
investigating the key physiological characteristics 
important to rice production with changed water 
management strategies, continued development of 
new rice varieties and further developed techniques 
for efficient fertiliser, water use and rice management 
techniques and precision agriculture. It has also 
supported research community and future leaders 
through PhD scholarships and leadership training.

There was no Research Open Call for new investment 
proposals in 2018/19 due to current commitments and 
RD&E investment, the continued dry conditions limiting 
water allocation and the resulting reduction in the RD&E 
levy income for the program. Despite this, the program 
maintained its commitment to contracted projects and 
in 2018/19 the Program invested $3,359,268 in RD&E 
projects, and a further $4,325,677 is committed to 
projects (from 1 July 2019 onwards).

The Northern Australia Rice Program is funded by a 
grant from the Australian Government Department 
of Agriculture. In 2018/19 approximately $1,500,000 
was invested in the project which investigates the 
development of a productive rice farming system for 
northern Australia. A further $1,160,000 is committed for 
investment in 2019/20 (1 July 2019 onwards). 

Despite being a tough year it’s been encouraging to 
see a number of growers adapting their management 
techniques producing exceptional yields, demonstrating 
high water use efficiency and adopting new technology 
and innovative proactive. 

I’d like to take this opportunity to thank the Rice 
Extension team for coordinating the 2019 Rice RD&E 
Update and for their efforts in bringing together  
this publication. 

Please visit agrifutures.com.au/rice for information about 
current and complete RD&E projects, rice publications, 
news and updates.

 
John Smith 
General Manager, Research 
AgriFutures Australia

AgriFuturesTM Rice Program aims to 
improve the profitability and sustainability 
of the Australian rice industry through the 
organisation, funding and management of a 
research, development and extension program 
that is both market- and grower-driven. 
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Notes for readers Contents

Abbreviations, acronyms and symbols Plant Breeders Rights

Every industry has its own language, and increasingly 
its own set of abbreviations and acronyms. As much as 
possible we have tried to minimise the use of shortened 
forms of words, however, there are a few we expect most 
readers will be comfortable with, or some that aid the 
reading of articles.

Several Australian rice varieties are granted Plant 
Breeders Rights by IP Australia. This publication 
acknowledges PBR for Opusp, Reiziqp, Sherpap, 
Topazp and Viandp. The symbol indicating PBR is not 
used each time the variety is named throughout  
this publication.

Registered trademark

 
Product names for herbicides are used for easy 
communication, rather than using complex names of 
the active ingredients. Reference to these products is 
not an endorsement of the product over others using 
the same active ingredient under a different name. 
 
This publication acknowledges the registered 
trademark of the following products: Agixa, Aura, 
Barnstorm, Gramoxone, Londax, Magister, MCPA, 
Ordram, Saturn, Stomp, Stam and Taipan.
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Extension focuses on  
water use efficiency in 2019 

The Short Story

Rice Extension shares research 
findings, agronomic advice, 
and information about best 
management practices through 
print, email, social media and 
grower meetings.

The ultimate aim of Rice Extension is to 
improve grower profitability, productivity and 
sustainability. We do this through collaboration, 
networking and sharing of ideas to support the 
adoption of best management practices and 
new technology in rice farming systems.

Rice Extension is funded directly by rice 
R&D levies and the Australian Government 
through AgriFutures Australia. It has formal 
linkages with its Grower Steering Group, 
SunRice, RGA and AgriFutures Australia to 
identify emerging issues.

Objectives

1. Uptake of rice industry best management 
practices and adoption of new technologies 
through effective and timely dissemination 
of key R&D information for rice-based 
farming systems. 

2. Effective coordination between rice industry 
public and private sectors. 

3. Increased uptake of innovations, technological 
advancements and best management practices 
in the short, medium and long term. 

4. Increased capacity of the people in the 
rice industry through improved skills, 
communication and collaboration.

5. Increased alignment of AgriFutures™ Rice 
Program RD&E investment with grower needs.

New extension officers join Rice Extension

Rice Extension is delivered by a team of three 
people through a range of mediums including 
face-to-face delivery, field days and farm walks, 
case studies, industry publications and digital 
communication. Harriet Brickhill and Charleton 
Glenn joined coordinator Troy Mauger in March 
2019 upon the departure of Gae Plunkett and 
Leah Garnett. 

 

Water use efficiency and grower wellbeing

In C19 extension focused on water use efficiency 
and grower wellbeing and two new major initiatives 
– Industry Awards and Tier 1 Leadership Program 
– to increase the adoption of best practice and 
capacity of people in the rice industry. 

Outcomes

Rice Extension held 31 events in C19, attracting total 
attendances of 1055 people. Key events included the 
2018 R,D&E update, pre-season meetings and the 
annual Rice Industry Field day.

C19 saw an increase in people seeking information 
through digital platforms. Information delivered 
via digital platforms is targeted and timely. The 
information remains very accessible and convenient 
for users interacting with it.

The increase in engagement through digital  
platforms includes: 

• A 23% increase in followers on the @RiceExtension 
Twitter account which now has 1230 followers 

• Rice Extension Facebook page has now 638 likes 
including a 32% increase in the Women in Rice 
Facebook group

• Website traffic has increased for unique visitors 
tracking at 2526 which have viewed 6877 pages in 
the year to date

• Distribution of 11 newsletters with an average open 
rate of 33% from circa 1650 recipients.

Through extension growers continued the uptake of 
best management practices to be more sustainable 
and profitable by adopting water saving techniques. The 
water saving techniques adopted this season included 
drill sowing, delaying permanent water, sowing into 
moisture and planting late in November. Case studies and 
early season field walks were used to demonstrate how 
growers have successfully adopted these water saving 
techniques. Drill sowing was a feature of all field walks 
in C19 and included two on farm demonstrations where 
water use was measured. 

The number of growers using drill sowing this year to 
reduce water usage was 96% in Coleambally, up from 64% 
in C18. More importantly 67% of all paddocks were direct 
drilled in C19, many of them drill sowing for the first time. 

Troy Mauger, Harriet Brickhill 
and Charleton Glenn

Rice Extension

 
PRJ-010696

Extension for improved 
efficiency and sustainability  
in the rice industry

 
Project timeframe

2018-2020

Through extension growers 
continued the uptake of best 
management practices to be more 
sustainable and profitable by 
adopting water saving techniques. 

The ultimate aim of Rice 
Extension is to improve grower 
profitability, productivity and 
sustainability. 

06 07

Two new extension officers Harriet Brickhill (left) and Charleton Glenn (right) joined Rice Extension this year.



Contact

Troy Mauger, Harriet Brickhill and  
Charleton Glenn, Rice Extension

Troy Mauger  
Rice Extension 

M  0417 375 169 
E tmauger@rga.org.au

Rice$cenario, developed by Rice Extension and a team 
of experts in 2015 is an online planning tool for growers 
and their advisors for water budgeting, gross margin 
analysis and cash flow budgeting. Users can plan 
enterprise scenarios to gain an understanding of how 
much water they need and what price can they afford to 
purchase water.

Continued and targeted extension of Rice$cenario in 
newsletters and through forums such as the Women In 
Rice group has seen the adoption year on year of this 
tool increase 21% in number of users to 357 in total. 
A 24% increase in the number of surveys (scenarios) 
undertaken is another indicator of the increase in 
adoption of this tool as growers manage the challenges 
that the C19 presented them.

Table 2: The use of Rice$ceanrio has seen an increase in usage every year from July 2016 to July 2019

Sowing 
method

MIA CIA WMV EMV All areas

C18 C19 C18 C19 C18 C19 C18 C19 C18 C19

Aerial 5% 1% 13% 0% 37% 24% 65% 23% 29% 8%

Dry Broadcast 52% 39% 23% 4% 22% 0% 5% 0% 29% 25%

Direct Drill 43% 59% 64% 96% 41% 76% 30% 77% 42% 67%

Rice$cenario usage 2016-2019

July 16 July 17 YOY % July 18 YOY % July 19 YOY % 16-19 
growth  
(3 seasons)

Data Files 
(farms)

159 265 66 362 37 444 23 280%

# surveys 
(scenarios)

282 502 78 670 33 834 24 295%

Unique 
emails/
users

140 222 59 294 32 357 21 255%

Inaugural Rice Industry Awards

Rice Extension continues to explore new ways to 
increase the adoption of best practice including through 
the Rice Industry Awards, a new initiative to identify 
local credible ‘change champions’. 

There are three categories:

• SunRice Rice Grower of the Year Award

• Rice Extension Highest Yield Award

• RGA Honorary Councillor Award

The practices of the 2019 winners, Jerilderie NSW 
growers Peter and Renee Burke, and finalists will 
be documented as case studies to promote best 
management practice. A field day conducted on the 
Burke’s farm on 12 December will encourage effective 
peer-to-peer learning.

Collaboration and capacity building

Effective coordination between Rice Extension and the 
industry was undertaken through informal and formal 
meetings and projects. Formal meetings included 
technical updates for agronomists, Rice Crop Protection 
Group meetings and the Harvest Review meeting. 
Collaborative projects included the CERES imaging 
pilot program with Brian Dunn, NSW DPI and measuring 
water use on farm with Alex Schultz, NSW DPI.

In C19 Rice Extension built the capacity of people in the 
rice industry through new and innovative ways such as: 

• Rice 101 workshop – targeted new or inexperienced 
people entering the rice industry with 24 people in 
attendance

• Facilitating the RGA Tier 1 “Introduction to the Rice 
Industry” leadership program in which 14 people 
completed the program

• Rice Extension increased alignment of AgriFutures 
Rice R&D funded programs with grower needs 
through the grower steering committee and reports 
to the RGA Central Executive board. Further to this, 
two reports to the Rice R,D & E advisory board and 
participation in these advisory meetings ensure 
alignment with programs.

Acknowledgement

This project is funded by AgriFutures™ Rice Program.

Extension focuses on  
water use efficiency in 2019 

Table 1: Percentage of paddocks in each region sown using each sowing method 2017-18 compared to 2018-19 
showing an increase in the direct drill sowing method in all regions. (Source: SunRice Grower Services)
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The Rice Industry Field day at Rice Research Australia (RRAPL) this year attracted 250 people.

WMV Western Murray Valley. EMV Eastern Murray Valley.
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The Short Story

Brian Dunn

NSW Department of Primary Industries

 
PRJ-011058

Improving mid-season  
nitrogen management of rice

 
Project timeframe

2018-2021

Improving mid-season nitrogen 
management of rice

For many years growers have been 
keen to move away from physically 
sampling their rice crops at panicle 
initiation (PI) to determine crop 
nitrogen requirements.  

The previous project PRJ-009772 (Moving 
forward with NIR and remote sensing) 
researched options for predicting PI nitrogen 
using remote sensing and identified imagery 
that uses the red-edge waveband provided a 
strong correlation. 

This project will allow progression and possible 
transition towards the goal of remotely sensed 
spatial field maps for PI nitrogen uptake. 
Success would resolve the issue rice growers 
have with physically sampling their crops at PI 
and the errors that can occur due to inaccurate 
sampling and field variability. Growers could 
then be provided with PI nitrogen topdressing 
recommendation maps of their rice crops 
delivered through the SunRice GIS.

• Develop scripts required to enable red edge 
sensor imagery to be automatically processed   
and embedded in an online delivery system, 
allowing growers to access normalised 
difference red edge (NDRE) maps of their rice 
fields at panicle initiation (PI).

• Refine algorithms for predicting PI nitrogen 
uptake from NDRE providing accurate spatial  
PI nitrogen topdressing recommendations  
to growers. 

• Utilise phenology data to develop improved 
models for prediction of PI date for aerial, drill 
and delayed permanent water (DPW) rice sowing 
methods. Extend the modelling to include 
prediction of anthesis date and work towards 
the prediction of rice maturity date.

• 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.

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.

Research

Each season rice variety by nitrogen experiments with 
large plots (11 x 11 metre) are established to provide 
a range of treatments with varying nitrogen uptake 
levels at PI. These experiments are developed for both 
drill and DPW management practices and are used 
to build the algorithms necessary to predict nitrogen 
uptake from remotely sensed imagery. 

Several different sources of imagery that show 
potential in rice at panicle initiation are used to build 
relationships with crop growth and nitrogen data 
obtained by physical sampling of the plots. Over 
the last two seasons red-edge imagery has been 
capture by Ceres Imaging (see Figure 1) using an 
aerial based platform. 

In the 2018-19 season, 15 commercial fields were 
also imaged by Ceres Imaging, providing growers and 
agronomists with red-edge imagery at PI to base their 
topdressing recommendations on. Several of these 
fields were physically sampled across the range of 
NDRE values to ground truth the imagery.

Outcomes

1. Red-edge imagery was commercially available to 
growers for the first time in the 2018-19 season.

2. Scripts have been developed to enable red-edge 
sensor imagery to be processed and embedded in 
the SunRice GIS allowing growers to access spatial 
NDRE maps of their rice fields at PI.

3. Algorithms for predicting PI nitrogen uptake 
from red-edge imagery have been developed and 
research is continuing to overcome seasonal 
variability which is making it difficult to produce an 
accurate multi-season algorithm.  

4. Phenology data was used to develop a new two 
stage PI date prediction model for drill and DPW 
rice sowing methods. This was made available to 
growers for use in the 2018-19 season. 

5. Maintenance of the NIR instrument and rice 
calibrations was ensured and growers received 
accurate nitrogen topdressing recommendations 
from the NIR Tissue Test Service. Research projects 
also received accurate and cost-effective sample 
analysis results.

Objectives

Using drones can reduce the need for physical crop sampling. 

Red-edge imagery was 
commercially available to 
growers for the first time in 
the 2018-19 season.
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Contact

Brian Dunn 
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M 02 6951 2621 
E brian.dunn@dpi.nsw.gov.au

Figure 1. NDRE Image collected by Ceres Imaging at PI and 
recommended nitrogen application rate zone map based on results 
determined by crop sampling and NIR Tissue Test results.

Implications

The availability of red-edge imagery to rice growers 
and agronomists this season was a major step 
forward in the identification of crop variability 
at PI. Red-edge imagery more accurately shows 
nitrogen variability across the field than normalised 
difference vegetation index (NDVI) and growers 
can use NDRE to guide sampling for the NIR Tissue 
Test. This allows zoning of fields for accurate PI 
N application rates. The red-edge imagery is also 
particularly useful in identifying grower practices 
that result in uneven nitrogen application which 
increases crop variability. 

A processing flow has been developed to quickly 
import remote sensing data from aerial, UAV and 
satellite platforms. This data is then transformed 
into maps showing spatial variation of vegetation 
indices using red-edge bands. These vegetation 
indices are then transformed into maps of nitrogen 
uptake using algorithms developed during the 
project. The scripts to do this were written in Google 
Earth Engine, and enable automatic export of per-
site maps. 

These can then be transferred to Agtrix for display 
(with appropriate access restrictions for each 
account) in the SunRice GIS platform. The update of 
the PI date predictor with a new two stage prediction 
for drill and DPW was an important improvement for 
growers. Identification of PI is important for nitrogen 
management in rice. 

The new model inputs both first flush and 
permanent water dates to more accurately predict PI 
as permanent water date is variable for drill sowing 
and DPW rice growing practices. All NIR calibrations 
were successfully updated which allowed the NIR 
Tissue Test Service to provide growers with accurate 
nitrogen recommendations. 

The variety agronomy project and the Rice 
Partnership also used the NIR and its calibrations 
for inexpensive sample analysis for research. The 
analysis undertaken in these projects using the NIR 
would have cost in excess of $100,000 if required to 
be undertaken using commercial laboratory testing. 
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PRJ-011075

Rice Industry  
Leadership Program 

 
Project timeframe

2018-2020

Future leaders prove a  
good investment

The Ricegrowers Association of 
Australia Inc (RGA) believes 
developing leaders is an 
investment in the future of our 
industry. The 2018–2020 Rice 
Industry Leadership Program has 
been established to provide that 
opportunity to potential
industry leaders.  

The development of strong and effective 
industry leadersassists the rice industry 
to not only structurally adjust to themany 
drivers of change influencing the industry, but 
allows the industry to continue its economic, 
environmental and innovation success. 
Through strong leadership development,  
the industry is better positioned to embrace 
both the opportunities and challenges facing 
our industry.

Objectives

• A self-replenishing, multi-skilled and diverse rice 
industry leadership cohort capable of servicing the 
leadership needs of the rice industry.

• A knowledge, skilled and articulate rice industry 
leadership cohort.

• More unified and active rice industry leader’s 
alumni network.

• More robust and in-depth understanding of the 
drivers and impediments to the uptake of the 
Leadership Program positions.

Project Summary 

RGA believes developing leaders is investing in the 
future of the rice industry. Developing strong and 
effective industry leaders will assist the rice industry 
to not only structurally adjust to the many drivers 
of change influencing the industry, but to allow the 
industry to continue its economic, environmental 
and innovation success. Through strong leadership 
development, the industry is better positioned to 
embrace both the opportunities and challenges facing 
our industry.  The Rice Industry Leadership Program 
provides training and developing with programs 
targeting three levels of experience:

Tier 1: Introduction to the Rice Industry

This program has been designed for new and/or
inexperienced people with a passion and interest in the
rice industry. The focus of the program is to engage
the next generation of leaders with the challenges
and opportunities facing agriculture and enable

Participant feedback indicated 
the opportunity to network 
with liked-minded people from 
within the industry was the 
most rewarding aspect of the 
program.
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them to gain exposure to the industry and associated
organisations. The program is run over two sessions,
including taking the participants to Canberra to gain
invaluable experience and networking opportunities.

Tier 2: Foundation of Leadership

This program developed in conjunction with the 
Australian Rural Leaders Foundation, targets
rice growers and industry representatives who have
demonstrated an interest in pursuing leadership
opportunities within the sector/region. Foundation of
Leadership gives participants an opportunity to 
develop self-leadership skills and increase their 
knowledge around corporate governance and critical 
thinking. The RGA sees this program as a great 
opportunity for individuals to make a decision about 
their leadership pathways.

Tier 3: Established Leaders

Established Leaders has been developed to target
rice growers and industry representatives who have
experience and ambitions to take on a directorship
position in the future. Understanding the importance of 

succession planning, this program ensures future 
directors have the skills, knowledge and experience 
to effectively steer organisations in the rice industry 
into the future.

Outcomes

Tier 1: Introduction to the Rice Industry

Introduction to the Rice Industry was completed 
in February 2019 and 14 participants undertook 
the four-day residential program in Deniliquin. 
The program content was developed and delivered 
in conjunction with the Rice Extension team. 
Throughout the program participants were 
introduced to industry advocacy, personality profiling, 
communication and presentation.  Four participants 
from the 14 were selected to attend Part 2 of the 
program. These participants will travel to Canberra to 
further their learning. Participant feedback indicated 
the opportunity to network with liked-minded people 
from within the industry was the most rewarding 
aspect of the program.

Four Tier 1 leaders were selected to go to Canberra and meeting with industry bodies, departments and politicians including 
Member for Farrer, Sussan Ley.  Pictured: Troy Mauger, Rice Extension Coordinator, Tom Doyle, Rachel Kelly, RGA Policy 
Manager, Sam Sleigh, Josh Hart, Hon Sussan Ley MP and Samantha Glenn.

Contact

Ainsley Massina 
RGA Leadership Coordinator  

M 0428 859 214  
E amassina@rga.org.au 

Tier 2: Foundation of Leadership

Foundations of Leadership was completed by 19 
participants in May and July 2018. This program 
was developed and delivered in conjunction with the 
Australian Rural Leaders Foundation. The program was 
an eight-day residential program delivered across two 
sessions. 

Participants were given the opportunity to develop 
their own personal leadership style, through interactive 
and consultative learning. Throughout the program 
participants completed group projects with one 
group introducing the RGA to Mentorloop, an online 
mentoring program currently being trialled within 
SunRice and the RGA.

Tier 3: Established Leaders

The Established Leaders program was completed over 
an eight-month period, commencing in December 2018 
with five participants completing the Foundations of 
Directorship course with the Australian Institute of 
Company Directors. The participants then travelled 
to Sydney to work with Zoe Routh, an accomplished 
facilitator to work on ‘Governance in Action’. Finally, 
the participants travelled to Vietnam to observe the 
SunRice business and develop their knowledge on 
international business and internal trade. Four out of 
the five participants have nominated for a position on 
the SunRice Board. One participant has recently been 
appointed to the AgriFutures Rice Advisory Panel.

A leadership alumni event was held in conjunction with 
2019 RGA Annual Conference, bringing together past 
participants of leadership programs to extend their 
learning and provide a networking opportunity. 

Results

A total of 38 participants have completed the three 
leadership programs, of these participants 20% went 
into leadership roles within the rice industry and 
supporting industries. This includes directorships, 
board appointments, advisory appointments and 
committee member appointments. The programs have 
attracted a diverse group of participants, 57% female 
and 43% male with an age range from 20 to 55 years.

Evaluation has shown participants found the programs 
to be rewarding and believe they have gained the 
theoretical knowledge required and confidence to step 
into leadership positions within the rice industry and 
broader agricultural industry. 
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The Short Story
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PRJ-011136

Rice Weed Management in 
Australia

 
Project timeframe

2018-2022

Two alternative herbicide  
programs identified 

Background

The project has identified two 
alternative programs for water 
seeded rice that offer an alternative 
to Taipan®: Ordram® followed by 
Ubeniq®; and Saturn® applied to dry 
soil followed by Ubeniq®. 

Glufosinate appears to be well tolerated as a 
post flush, pre-emergence (PFPE) knockdown 
herbicide in drill sown rice. AgixaTM performs well 
as a late POST treatment to follow PFPE Magister® 

plus Stomp®. The addition of Stomp® to AgixaTM 
improves residual barnyard grass control for crops 
managed with delayed permanent water. One 
new compound demonstrated promise as a pre-
emergence herbicide for barnyard grass control in 
drill sown rice.

Rice weed management has seen major advances in 
the past 30 years, such that Australian rice crops rarely 
suffer any major loss of potential yield due to weed 
competition. A suite of herbicides of differing modes 
of action are recommended for water seeded, dry 
broadcast and drill seeded rice. 

On-going access and utility of these herbicide products 
is by no means assured due to registration reviews and 
the development of herbicide resistance. There is an 
on-going need for innovation to maintain the frequency 
of achieving weed free crops.

Herbicide resistance is a major challenge to rice 
production. Target site and metabolic resistance has 
been documented for most herbicide groups in rice, 
requiring deliberate policies of rotation and combination 
of herbicide groups, coupled with alternation of seeding 
techniques and crop rotations. Maximising options 
available to Australian ricegrowers serves both to 
prolong the potential life of herbicides and lower input 
costs by increasing competition in the marketplace.

Residual grass weed control is critical to the success 
and reliability of delayed permanent water (aerobic) 
rice production.  This treatment timing (post flush, 
pre-emergence) usually involves tank mixing with a 
knockdown herbicide (paraquat or glyphosate). We are 
investigating glufosinate as an alternative to both of 
these knockdown herbicides, given the doubtful long-
term viability of either compound due to resistance and 
registration challenges. 

Extending the period of residual weed control into 
the mid tillering phase of rice crop development is 
required to avoid repeated use of Group A and B post 
emergence herbicides in aerobic crops. HRAC groups G, 
J and K appear the most prospective as a source of new 
products for extended residual weed control.

Research 

Eleven replicated field trials were conducted in drill 
and water seeded rice during the 2018-2019 season 
addressing the following issues:

Water seeded rice 
 
Herbicide program performance comparisons for water 
seeded rice 
 
Nineteen programs for water seeded rice were compared.

• Londax® treatments failed to control all 
aquatic weeds.

• Taipan® treatments controlled all aquatic 
weeds (except Jerry Jerry).

• Ubeniq® controlled all aquatic weeds (except 
dirty Dora).

• Sharpen® controlled dirty Dora and starfruit 
but failed to control arrowhead and Jerry Jerry.

• AgixaTM controlled all grass and aquatic weeds 
except dirty Dora.

• Sequences of Ordram® or Saturn® dry soil 
followed by Ubeniq® at 3 leaf stage rice (LSR) 
or AgixaTM at 4 LSR or Basagran® M60 gave 
excellent control of all weeds.  

• Mixing Ubeniq® plus OIL plus Sharpen® 
resulted in severe point of application 
phytotoxicity. 

Dry soil Saturn  
 
Saturn® is currently registered for application prior to 
flooding fields destined to be water-seeded for control 
of barnyard grass and dirty Dora. In a single field trial, 
sequences of Saturn® applied to dry soil followed by 
Ubeniq® at 3 leaf stage rice (LSR) provided excellent 
control of all weeds and the highest rice grain yields. 
Delaying Saturn® application until after flooding (ie: 
on the day of sowing) resulted in severe rice injury and 
seedling mortality. Saturn® applied to dry soil followed 
by Ubeniq® warrants further investigation as a possible 
alternate strategy to Ordram® plus Taipan®.

Drill seeded rice 
 
Glufosinate applied post flush, pre emergence

Glufosinate was applied post flush. pre-emergence 
(PFPE) at 250 – 2000 gai/ha in two field trials and 
compared to standards of paraquat @ 250 gai/ha and 
glyphosate @ 1000 gai/ha. No rice injury was noted with 
these treatments. 

AgixaTM programs

Five trials were sprayed at Widgelli, Coleambally 
and Cobram evaluating sequences of Gramoxone® 
plus Stomp® plus Magister® applied post flush, pre-
emergence (PFPE) followed by AgixaTM (+/- Stomp®) 
applied post emergence (POST).  Four sites were 
assessed for efficacy and crop safety, while three were 
harvested.

Key outcomes were that the sequence of PFPE followed 
by POST treatments ensured effective weed control and 
maximum rice grain yield potential. A single herbicide 
treatment (either PFPE or POST) did not reliably control 
all grass weeds (barnyard, silvertop or coolah grass) at 
all sites.

Addition of Stomp® to AgixaTM demonstrated some 
merit for extending residual barnyard grass control 
and warrants further evaluation of crop tolerance 
and rate definition. One instance of narrowing of rice 
leaves was noted with AgixaTM in circumstances where 
severe drought stress occurred after the treatment was 
applied. (Data not presented).

Objectives

• Evaluate new herbicides for their selectivity and 
efficacy in both dry (aerobic, drill seeded culture) 
and water seeded (pre-germinated and dry sown) 
rice.

• Develop new programs for rice weed control that 
are effective and deliver multiple modes of action 
concurrently on the same cohort of weeds.

• Maintain and improve agronomist competency in 
order to keep rice crops weed free, thus enabling 
optimum water use efficiency and profitability.

There is an on-going need 
for innovation to maintain 
the frequency of achieving 
weed free crops.
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Experimental PFPE treatments 

Four experimental treatments were evaluated as 
potential PFPE treatments in a single trial.  None 
matched the performance of the standard of 
Magister® plus Stomp®.

Extended residual treatments

Five experimental herbicides were evaluated as post 
emergence (2 LSR) residual herbicides for barnyard 
grass control in a single trial. One compound matched 
the performance of Stomp® and warrants further 
investigation as an extended residual treatment for 
delayed permanent water rice culture.

Implications

We have identified two alternative programs for 
water seeded rice that offer an alternative to Taipan®: 
Ordram® followed by Ubeniq®; and Saturn® Dry Soil 
followed by Ubeniq®. Glufosinate appears to be well 
tolerated as a post flush, pre-emergence (PFPE) 
knockdown herbicide in drill sown rice. 

AgixaTM performs well as a late post treatment to follow 
PFPE Magister® plus Stomp®. The addition of Stomp® 
to AgixaTM improves residual barnyard grass control for 
crops managed with delayed permanent water. One new 
compound demonstrated promise as a pre-emergence 
herbicide for barnyard grass control in drill sown rice.

Publications

Rice Weed Control Winter 2019 Trial Update (14 pages) 
prepared for June 2019 season research de-brief at Old 
Coree, Jerilderie. 
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Harvest challenge posed by severe crop lodging.

Australian Rural Leadership Program

Objectives

Rachel Kelly, Ricegrowers’  
Association of Australia (RGA) 
Policy Manager completed the 
Australian Rural Leadership 
Program (ARLP) Course 24  
in 2017-2018.  

At a professional level Rachel is committed 
to seeking the very best outcome for growers, 
industries and communities and the ARLP 
experience provided her with significant 
learnings, tools and resources to achieve this. 

The rice and irrigation industries and 
associated communities are currently, and 
have been for some time now, undergoing 
significant structural adjustment. External 
pressures including continuous water 
reforms, the sequence of droughts, increasing 
input costs and competition for the precious 
water resource have significantly influenced 
the industry. 

However, necessity is the mother of invention’ 
and the rice industry has continued to evolve 
in terms of its structure and marketing, 
varietal development and growing practices, 
environmental credentials and much more, 
and this innovation and change will continue 
into the future. 

As a result of the ARLP course, Rachel aims to:

1. Develop future leaders 
 
Developing a self-replenishing cohort of capable 
and effective industry leaders is essential to 
assisting the rice industry to adjust and continue its 
economic, environmental and innovation success. 
In addition to implementing the current Rice 
Industry Leadership Program, Rachel is committed 
to ensuring that leadership development remains 
a strong focus for the industry, and continuing to 
work with the whole industry to seek out future 
opportunities to support leadership development.  

2. Foster industry research and development  
 
The Rice Research and Development (R&D) program 
is one of the key resources that will assist the 
industry to innovate and adjust. The purpose of the 
current Rice R&D Levy Review is to ensure that the 
industries R&D program is adequately resourced 
to reach the programs objectives, in particular 
regarding the development of ‘Dry Rice’.  
 
Meeting these objectives is critical to ensuring rice 
production remains competitive into the future. 
Rachel wants to see the growers levy put to best 
use, and will continue to work with the broader 
industry to make sure this is the case. 

Four experimental treatments 
were evaluated as potential PFPE 
treatments in a single trial.  
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3. Improve industry collaboration  
 
The rice industry is made up of many moving parts 
that each play an important role. However the ARLP 
experience has reinforced that the best outcomes 
are achieved when we work together. Examples 
of where improved industry collaboration has 
been achieved to date include the Rice Industry 
Leadership Program and Leadership Taskforce, 
the Rice Leaders Alumni event, the Rice R&D 
Stakeholder Reference Group and the Grower 
Reference Group. However there is still significant 
opportunity to increase the level of collaboration 
across the industry and broader community, 
and will continue to work towards seeking out 
these opportunities and implementing suitable 
frameworks for collaboration (including an industry 
water strategy). 

4. Create better teamwork around water reform 
 
Water reform has been constant driver of change 
for decades, and there is still years of challenges 
and opportunities ahead. Within the advocacy 
space, there are a number of industry groups and 
individuals who do not function to their full potential 
because they do not trust one another. This lack 
of trust impacts significantly upon the potential 
productivity of these industry representatives.  
 
Rachel believes she can assist to create the 
environments where these representatives can 
build a greater level trust in one another, thereby 
improving their overall productivity and the 
outcomes achieved for the sector. In addition, 
knowledge is power, and Rachel feels one of the 
best ways she can assist growers to adapt to the 
external pressures created by water reform is to 
educate them about these reforms, and the current 
state-of-play for irrigation. This will then enable 
growers to better account for these reforms when 
making critical business decisions, ensuring their 
sustainability.  

5. Develop wellbeing for the broader community 
 
Rachel is passionate about the wellbeing of 
ricegrower communities, and will continue to seek 
out opportunities to maintain and improve this. 

Rachel says: “Through our family business, we 
feel that we can provide leadership through the 
implementation of best management practice and 
participating in the extension of this, and through 
actively participating in decision making within 
the community and industry, and through being 
open to discussion and new ideas with peers and 
advisors, and the broader community. I am currently 
a committee member of a number of community 
organisations, and plan to maintain these roles, 
and if time becomes available, seek out additional 
opportunities. Finally I am committed to continuing 
my leadership learnings. I recently completed a 
Graduate Certificate of Rural Leadership through 
James Cook University, and have recently completed 
the Australian Institute of Company Directors’ 
Program. I will also seek out other professional 
development opportunities where they arise and 
am more actively seeking feedback and mentorship 
where possible.”
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Research on sustainable practices  
helps growers reap benefits 

Objectives

The considerable research 
undertaken in this project on drill 
sowing, delayed permanent water 
(DPW) and aerobic rice growing 
practices is crucial in providing 
valuable information to the industry 
on practices that provide improved 
rice water productivity.  

Although growing aerobic rice in our environment 
appears to be less than ideal, DPW is providing 
significant improvements in water productivity 
and is being increasingly adopted by growers as a 
practical and sustainable practice. Sowing dates, 
along with water and nitrogen management, 
are important factors where our research 
provides growers and agronomists with valuable 
recommendations for successful adoption of this 
water saving practice. 

During this project all current commercial rice 
varieties and five new near-to-release varieties 
(YRM70 (Viand), YRK5, YDP44, VO03 and VO38) 
have been provided by the rice breeding team for 
assessment of grain yield and agronomic traits.
This project provides valuable information on 
the yield and agronomic traits of these varieties 
before they are considered for commercial 
release. Research from this project will ensure 
that in future when a new variety is released, a 
comprehensive growing guide will be available for 
its successful production.

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

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

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

• Incorporate nitrogen, agronomy and 
phenology results into the NIR Tissue Test, 
nitrogen topdressing recommendations and 
rice variety guide.

• Provide results and grain samples to the Rice 
Breeding and Grain Quality team and SunRice 
for grain quality testing and variety market 
evaluation.

Background

New rice varieties require agronomic profiling before 
successful adoption on-farm. Nitrogen management is 
a critical area of rice agronomy; it impacts considerably 
on crop phenology and is a major driver of yield. At the 
start of this project the newly released variety Topaz and 
close to release varieties YRM70 (Viand) and YRK5 did 
not have agronomic and nitrogen management packages 
available to growers. Up to date agronomy, nitrogen 
and phenology research has also not been conducted 
on many of the current varieties and no system was in 
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place to gather this information for any future varieties 
released. It was identified that for growers to increase 
productivity and profitability from rice growing, with 
changing sowing and water management practices, 
it is essential that agronomy, nitrogen and phenology 
research be conducted to fill this knowledge gap.

Research 

Each season rice experiments are established across 
the growing regions of southern NSW using current and 
near-to-release rice varieties to determine agronomic 
management effects. These experiments are often 
located in grower’s commercial fields and include aerial, 
dry broadcast, conventional drill and drill with delayed 
permanent water (DPW) growing methods. 

The experiments are monitored and sampled throughout 
the season to determine key growth stages with panicle 
initiation (PI), microspore, flowering and maturity (22% 
grain moisture) determined for each variety. Plant 
establishment is recorded, and physical samples 
collected at PI and maturity so crop growth, grain yield 
and yield components can be determined. Water depth 
and water and air temperature data is collected at each 
site to determine their effects on crop development, 
growth and yield. Grain quality samples are also 
collected once the varieties reach maturity. 

Aerobic, drill and DPW bays were also established at 
Yanco Agricultural Institute (YAI) (Figure 1) to assess 
growth and yield of current commercial varieties and 
genotypes with greater cold tolerance and traits that 
contribute to aerobic adaptation from the University of 
Queensland project “Traits of importance for aerobic 
‘DryRice’ varieties for the Riverina region”.

Grower practices

A major benefit from this project is the grain quality 
research of grower practices that has been undertaken 
by PhD student Rachael Wood. We have worked with 
Rachael to provide her with grain samples for quality 
analysis covering aerial, drill, DPW and aerobic growing 
practices, variable plant populations, nitrogen rates and 
split timings. The output from Rachael’s research will be 
extremely valuable to the rice industry going into a more 
water scarce future.

Data collected on plant phenology for the different 
varieties grown in different regions and with different 
management practices is providing critical data for the 
development of models including the PI predictor in 
the “Improving mid-season nitrogen management of 
rice” project PRJ-011058. The development of models 
to predict flowering and maturity (22% grain moisture) 
dates is also progressing and is using the valuable data 
produced in this project. 
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Figure 1. Aerobic, delayed permanent water and conventional 
drill managed bays at Yanco Agricultural Institute in the 
2018/19 season assessing varieties for the tolerance to 
reduced ponding (photo by Tina Dunn). 

Rice Partnership yields breeding gains

Objectives

The Yanco Agricultural Institute 
(YAI) rice breeding program aims 
to deliver new improved varieties 
to the industry. More than 20 
varieties have been developed 
with specific grain quality types 
in the last few decades. Currently, 
rice breeding in Australia is 
conducted within a collaboration 
between NSW Department of 
Primary Industries, SunRice and 
AgriFuturesTM Rice Program called 
the Australian Rice Partnership. 

This has been an ongoing partnership since 
2011. In the future, the Partnership strives to 
further improve water use efficiency (WUE) 
such as shorter duration crops, and upscale 
the implementation of DNA markers to improve 
breeding efficiency.

Other priorities include: improving existing 

methods of Quality Evaluation Program; 
introducing new methods such as 
implementing methods to screen for GI, 
polyphenols; and looking into the interaction 
of post-harvest conditions on grain quality of 
specific varieties.

Developing new varieties fulfilling market requirements 
is the main objective. Extensive quality evaluation is a key 
component of the breeding program.

Current grain types include: 

• Reiziq style medium grain

• Calrose style medium grain

• Soft-cooking long grain

• Jasmine style fragrant long grain

• Koshihikari style short grain

• New healthier rice varieties  
(e.g. low GI, coloured).

Researchers are also engaged in applied research activities 
focusing on improving yield stability, cold tolerance and WUE, 
preparing for biosecurity threats and the implementation of 
DNA markers. 

Other projects include highly-focused market-driven research 
within a milestone titled “New science for existing varieties” 
including pre- and post-milling cracking, storage related 
changes in grain quality and exploring the science for healthier 
and functional rice and arsenic uptake for organic farming.

Background

The Yanco Agricultural Institute (YAI) is the headquarters 
for rice breeding in Australia. Key breeding activities such 
as crossing, population development, data measurement 
and selection are performed each year. Glasshouse facilities 
permit specialised and off-season activities. 

Research on sustainable practices  
helps growers reap benefits 
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A quality evaluation program (QEP) and DNA marker 
program are both integrated within core breeding 
operations. Replicated breeding trials, seed production and 
cold tolerance screening activities are conducted at Rice 
Research Australia Pty Ltd (RRAPL), “Old Coree” Jerilderie. 
Each year, district trials are conducted for the latest 
advanced breeding lines. 
 
 
Overview

An annual operational plan is developed each year to 
co-ordinate all activities and logistics. The annual field 
footprint of the breeding program at Yanco is about 13 to 14 
hectares. Program metrics include: 

Breeding metrics (annual)

• 200 – 300 crosses

• > 23,000 rows

• > 6000 plots 

• District trials (3 to 6 locations) in grower’s field

QEP (annual)

• 600-700 short rows

• > 6500 samples from selected rows and plots for 
milling and physical quality evaluation

• > 3000 samples from selected rows and plots for wet 
chemistry and cooking quality evaluation

• > 500 samples from district and quality trials

Pure Seed program (CY 2018-2019)

• ~15 ha for 10 released varieties and new advanced 
lines

• > 83 tons of pure seed harvested 

Each year, the most advanced new breeding lines are 
rigorously tested for agronomic performance, quality 
and sensory characteristics. Evaluation is conducted 
across several years to test lines over different seasons. 
In addition, SunRice conducts considerable market and 
consumer research to ensure varieties meet all criteria.

Research and Development

The project’s priority is to conduct highly-applied R&D with the 
intention to implement outputs into the core breeding program. 

Considerable activities are conducted to provide supply 
chain support on variety specific issues within the new 
science for existing varieties milestone. 

Other applied activities include improving efficiency of 
breeding operations or processes, such as implementing 
new methods or systems (for example, optimising new 
equipment or machinery). 

In separate, linked project, the Partnership is involved 
in evaluating and developing new varieties for Northern 
Australia (PRJ-010813). 

It is also associated with many other ancillary research 
projects conducted by external institutions (e.g. universities) 
across the country, which ensures that research outputs are 
incorporated within the program. 

A collection of more than 1400 rice accessions from all over 
the world is also maintained at Yanco. These accessions are 
an invaluable source of new traits and genes for breeding.  
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Research lays the foundations for  
next generation healthy rice 

Objectives

This project will assist in delivering 
new high value rice varieties which 
result in an increase in profitability 
for Australia rice farmers.  

Australian rice marketers and exporters, 
SunRice, will also benefit through the delivery 
of premium varieties into high value markets. 
The outcomes of the project will also benefit 
consumers by having access to healthier  
rice varieties. 

The aims of this project were to develop, validate 
and deploy a high throughput assay for screening 
the digestibility of rice genotypes. The assay will 
assist rice breeders to develop new high-value rice 
varieties that have a low glycaemic index. 

Background

Consumers are becoming more aware of the 
potential for the food to deliver health benefits. One 
area of interest is in the consumption of foods with 
a low glycaemic index (GI) as consuming food with a 
low GI is thought to be associated with a number of 
health benefits. 

Most rice varieties are considered to have high GI 
values, making them unattractive to the health-
conscious consumers. GI measurement is a time-
consuming and expensive procedure which is not 
suitable for implementation in grain breeding 
programs. Therefore, to develop low GI grain 
varieties, rapid and inexpensive methods are needed 
so that breeding lines can be screened for their 
digestibility behaviour.   

Michelle Toutounji, PhD, Functional Grains Centre, CSU.

Most rice varieties are considered 
to have high GI values, making 
them unattractive to the health-
conscious consumers. 
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Research 

The method developed is an in vitro technique that 
mimics simple starch digestion as a way of predicting 
GI values. While the method does not provide a GI value, 
it is accurate enough to rank rice genotypes as either 
high, medium or low digestibility. 

Outcomes

The objectives of the project have been met. The 
technique that has been develop has the capacity 
to screen large numbers of genotypes for their 
digestion behaviour. 

The method has been validated by screening 200 + 
diverse genotypes. Training has been carried out with 
NSWDPI so the method is ready for adoption. 

FGC students Shiwagini Rao, Jack Murphy, Nancy Saji, Esther Callcott, Rachael Wood and Michelle Toutounji along with FGC 
Director Prof. Chris Blanchard are enjoying the 2019 Rice Field Day at ‘Old Coree’. 
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The method developed is an in 
vitro technique that mimics simple 
starch digestion as a way  
of predicting GI values. 
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Factors affecting the starch 
digestibility of rice

Objectives

This research has strong potential 
to provide economic benefit to the 
Rice Industry as SunRice's five-year 
strategic plan identifies low GI rice 
as a premium, high-value product 
with growth opportunities.  

To mitigate the impact incidence of obesity 
and type 2 diabetes, there is a need to develop 
starch-containing foods that give rise to a 
low and stable postprandial blood glucose 
response by increasing the proportion 
of slowly-digestible and indigestible 
carbohydrate fractions. 

Rice is an ideal target food for such dietary 
intervention because it is a staple food crop for 
over half the world’s population. 

The glycemic index (GI) is a well-established 
measure of the postprandial blood glucose 
raising potential of carbohydrate-containing 
foods. Regular consumption of high-GI 
diets has been shown to increase the risk of 
developing type 2 diabetes. 

So far, the Australian rice industry has relied 
on plant breeding to develop low GI rice 
varieties such as Doongara, however there 
has been little research into other factors that 
might lower the starch digestibility of existing 
rice varieties.

• To investigate the effects of chemical 
composition, degree of milling, endogenous 
protein content, ageing, cooking method, 
industrial-scale thermal processing on the 
starch digestibility of Australian medium and 
long grain rice varieties. 

• To establish potential correlations between rice 
physicochemical properties and their influence 
on starch digestibility.  

 
Research 

This in vitro digestibility assay used in this project 
was designed in previous AgriFutures Australia-
funded project ‘Next Generation Healthy Rice’. The 
assay was used to screen the potential postprandial 
glycaemic response of a wide range of commercial 
rice varieties under various conditions. 

Sample set (1) were Australian varieties with varying 
amylose content and bran pigmentation. Sample 
set (2) were prepared with varied degrees of milling. 
Sample set (3) had different levels of nitrogen 
fertiliser applied during plant growth. Sample set (4) 
were stored for 1 year at low and high temperatures. 
Sample set (5) were prepared using two common 
domestic methods. Sample set (6) were thermally 
processed at the SunRice pilot plant.
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Outcomes

Researchers found the starch digestibility of 
commercially available Australian varieties can  
be influenced by certain external factors. 
Increased amylose content led to a decrease in 
rice starch digestibility, which is consistent with 
previous literature. 

Purple and red wholegrain rice exhibited a lower 
digestion rate in comparison to brown wholegrain 
rice. For industrial-scale thermal processing 
and different cooking methods, the results were 
inconsistent, where changes to starch digestibility 
seemed to be variety dependent. 

Rice varieties with high or low protein content levels 
did not showed differences in starch digestibility, 
with the exception of one variety. 

Further research is required to establish potential 
correlations between rice physicochemical 
properties and their influence on starch 
digestibility, especially for coloured rice and 
thermally processed samples. 
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How farm practices can impact on grain 
quality in south-eastern Australia 

Objectives

Results from this project will give 
a better understanding of how 
crop management practices can 
influence grain quality parameters. 
These results can be used to 
update the NSW DPI Rice Variety 
Guide and help develop individual 
variety growing guides for current 
and new varieties.  

Australian growers are paid based on crop yield 
and whole grain yield (WGY). Results of this 
project revealed the nitrogen treatments with 
the highest economic return did always match 
the highest WGY. 

Furthermore, the N treatments with the highest 
profit per hectare also had higher total protein 
content, which will increase the hardness of 
cooked rice lowering eating quality.

For Australia to continue to produce high quality 
grain and remain in premium markets, the 
rice industry must place more emphasis on 
premiums for grain quality.  

To determine the impact of crop management 
practices on the grain quality of rice grown in 
Australia's southern rice-growing region. 

To further this investigation, the specific 
objectives were to:

• Investigate the effect of nitrogen rate and 
timing on grain quality parameters

• Determine the impact of water-saving 
techniques on rice grain quality, and 

• Examine the effect of plant density on grain 
quality parameters.

The primary scope of this research was to 
investigate how specific varieties interact with 
agronomic practices to help reduce the variability 
in grain quality found within the Australian rice 
industry and give abetter recommendations to  
rice farmers. 

For Australia to continue to 
produce high quality grain and 
remain in premium markets, 
the rice industry must place 
more emphasis on premiums 
for grain quality.  
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Background

Rice grain quality is an important aspect of rice 
production and has the potential to affect growers 
profit margins significantly. The primary method used in 
assessing grain quality is WGY, or the percentage of grain 
that remains whole in a sample after the hull and bran 
layers are removed, occurring during the milling process. 
There are still a lot of unknowns in regard to grain quality 
and what growers can do on the farm to improve WGY. 
This project is a collaboration between Charles Sturt 
University’s (CSU) Functional Grains Centre (FGC) and 
the NSW Department of Primary Industries (DPI) and is 
investigating the impact of crop management practices 
on grain quality of rice grown in south-eastern Australia. 

Using experiments conducted by the rice variety 
nitrogen and agronomic management team, (PRJ-
009790), this project is investigating how irrigation 
management, plant densities, and nitrogen rate and 
timing of application affect grain quality. This work is 
conducted as part of a PhD project commencing in 
August 2016 and has three field seasons of results.

Research and Outcomes

In south-eastern Australia, the total N rate is often 
split into two applications to reduce the risk of sterility 
induced by cold temperatures and high N uptake. 

This strategy involves a base N application applied 
pre-permanent water (PW) and the second application 
following panicle initiation (PI). 

Multiple experiments grown over several locations 
between 2016-2019 using different pre-PW and PI N 
rates applied to multiple varieties were analysed for 
grain quality.

Results showed increasing the rate of N applied pre-
PW significantly increased WGY in all tested varieties, 
however, the effect of splitting the same total N rate 
into two applications on WGY was variety specific.

Specific varietal responses

For Viand and Opus, plants with N applied at PI had a 
lower WGY compared to the same total N rate applied in 
a single pre-PW dose. 

For YRK5, plants with N applied at PI had a higher WGY 
compared to the same total pre-PW N rate, while there 
was no difference in all other tested varieties. 

Analysis of economic return revealed the highest return 
did not always match the highest WGY.

Paddy rice for quality analysis drying after harvest.
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How farm practices can impact on grain 
quality in south-eastern Australia 

The impact of reduced water availability

Reduction in the availability of water for irrigated rice 
production in south eastern Australia has led to the 
development of water saving techniques suitable 
for temperate environments, referred to as delayed 
permanent water (DPW). 

Grain quality was analysed from DPI irrigation 
experiments where plants were grown with multiple 
pre-PW N rates using DPW, DPW with post flower 
flush (DPW+PFF), drill, and aerial sown irrigation 
methods during 2016-2019. 

Results revealed above 120 kilograms N/ha, WGY 
was higher in both water saving methods (DPW 
and DPW+PFF) compared to plants grown with 
conventional irrigation methods (aerial and drill). 
DPW reduced grain filling duration while prolonging 
the grain ripening phase due to a slower infield grain 
drying, which had a positive effect on WGY. 

DPW reduces water usage and costs, increases 
nitrogen-use efficiency, has no adverse impact to  
crop yield, and improves WGY, and ultimately grower 
profit per ML.

It is well established crop yield is not significantly 
affected by sowing rate due to the compensatory 
growth behaviour of rice. However, few studies have 
investigated the effects of sowing rate on grain 
quality parameters.

Sowing rate

Analysis of grain quality under various sowing and 
N rates during 2017-2018 revealed changes in 
plant architecture as a result of different density 
significantly affected grain weight, and milling 
quality and the response differed between varieties. 
Decreasing sowing rate increased the number of 
grains per panicle, reduced grain dimensions, the 
thousand-grain weight (TGW), and slightly increased 
WGY in Viand. 

In YRK5, decreased sowing rate increased TGW 
and reduced WGY in one season. These results 
demonstrate a reduction in plant density due to poor 
establishment, environmental or bird damage does 
not affect crop yield or grain quality. 
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Rice at different stages of milling. 

Rice grain quality is an important 
aspect of rice production and has 
the potential to affect growers 
profit margins significantly. 
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Effect of environment on cereal 
phenolic composition and its 
chemopreventive potential

Nature or nurture – examining the effect 
of environment on rice characteristics

Objectives

Today’s consumer is becoming 
more aware of what they eat, 
where it comes from and how it is 
produced, and this trend is forecast 
to continue. It has contributed to rise 
of the functional food market which is 
forecast to generate global revenue of 
approximately USD $250,000 million  
in 2024 (Grand View Reserach, 2019).  

Hence, development of foods such as rice that has 
exhibited considerable functional benefits would 
not only meet the market demands of the health-
conscious consumer but the greater population that 
consume cereals as staple. This research project has 
highlighted the impact cultivation location can have on 
cereal phenolic composition. 

This means that by growing varieties of interest in 
different locations, we can select for varietal lines 
that produce higher amounts of specific compounds, 
such as purple rice varieties with higher levels of 
anthocyanins or red rice with higher proanthocyanidin 
levels. Breeders and agronomists would gain a better 
understanding of which varieties of cereals are best 
suited to which location and for what end use. 

This information could be used to form sowing guide 
recommendation for growers. The production of higher 
quality grains with added functional health benefits 
and in combination with yield may boost profitability.

This research project was supported by funding from 
AgriFutures Australia, which enabled completion of 
investigations on rice phenolic compounds and its 
functionality. 

Objectives include:

• To characterise rice varieties with a focus 
on phenolic compounds with significant 
antioxidant activity

• To explore potential impact of cultivation 
location on rice phenolic compounds and its 
antioxidant activity 

• To investigate the anti-cancer potential of rice 
phenolic compounds by examining colorectal 
cancer cells.

Background

Product development in the food industry is being 
driven by consumer demands for healthier foods. The 
move is towards so called ‘functional food and food 
ingredients’ that provide added health benefits by 
reducing risk to diseases, takes the role of food beyond 
its basic nutritional function. 

With a rise in consumption of processed food and 
decline in human health, this research in timely as 
developing commonly consumed foods such as rice 
with specific properties may enhance their ability to 
improve human health. 

Pigmented rice is wholegrain rice that has the bran 
layer still intact and includes different coloured 
pericarps such as black/purple and red. Phenolic 
compounds that are present in the bran layer of 
wholegrain rice have exhibited significant levels of 
antioxidant activity. This antioxidant activity has been 
associated with anti-thrombotic, anti-inflammatory 
and chemopreventative properties. These health 
beneficial properties have created a market 
opportunity for rice to enter the functional food. 

Rice-derived polyphenols and their associated 
antioxidant activities have been extensively studied 
on intercontinental rice varieties. However, research 
on the antioxidant activity of Australian-grown rice 
varieties is limited. A gap in knowledge also exits on 
the impact environment can have on rice phenolic 
compounds and antioxidant activity. 

Exploring the phenolic composition and antioxidant 
activity of pigmented and non-pigmented rice 
varieties grown in Australia could reveal their 
potential as a functional food and assist Australia to 
tap into the international market. 

This project examines bioactive compounds in 
wholegrain rice and how they may differ in grains 
grown across the cultivation regions of Australia.  
The study involved screening of multiple varieties 
of rice to characterize its phenolic compounds, 
antioxidant activity and potential pro-apoptotic  
anti-cancer activity. 

Research 

Wholegrain pigment and non-pigment rice were 
investigated in this study. The pigmented varieties 
included red pericarp; Yunlu29, Black Gora, 
Lijiangheguie and Purple pericarp variety purple. The 
non-pigmented varieties included Reiziq, Sherpa, 
Langi and Topaz.  Phenolic extracts were obtained 
from defatted flour using acidified acetone extraction 
solution. Extracts were analysed for total phenolic 
content, anthocyanin content, proanthocyanidin and 
antioxidant activity. 

Phenolic compounds present in the extracts that 
had antioxidant activity were selected using the 
UHPLC-online ABTS System and identified with LC/
MS QTOF (Figure. 1).  Based on their characterisation, 
representative varieties of pigmented and non-
pigmented rice were selected and sourced from field 
trials in Yanco and Mackay. Samples from the two 
location were examined for any changes in phenolic 
compounds as a result of their cultivation location. 

Extracts of rice phenolic compound were also 
examined for their potential to induce natural cell 
death (apoptosis) in cancerous colon cells. This 
involved treating colorectal cancer cell SW480 to 
various dosages of the phenolic extracts to test for 
extract toxicity. Investigations were also conducted 
to confirm activity in the cancer cells at checkpoints 
in the apoptotic cycle such as expression of protein 
p53 and caspases. 

Figure 1.  UHPLC Chromatogram of pigmented red rice variety Yunlu29. The chromatogram depicts polyphenol detection at 280 
nm (top), and the relative antioxidant activity (bottom) via the online ABTS chromatogram at 414 nm.
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Outcomes

Phenolic compounds as antioxidants

The studies show the rice varieties comprise of multiple 
phenolic compounds. Selected phenolic compounds 
present also displayed significant antioxidant activity. 
Varietal characterisation of wholegrain rice exhibited 
pigmented varieties to have significantly higher 
phenolic content and antioxidant activity (Figure 2). 

This was attributed to the anthocyanin and 
proanthocyanidin phenolic compounds present only in 
pigmented rice. The anthocyanins that were found in 
purple rice included cyanidin 3-glucoside and peonidin 
3-glucoside. Proanthocyanidins were found in both red 
and purple rice varieties which included compounds 
such as procyanidin, derivatives of catechin and 
epicatechin. Proanthocyanidins dominated the phenolic 
and antioxidant profile of red rice varieties. 

Cultivation location

The cultivation location was also observed to have a 
significant impact on rice phenolic compounds (Figure 
3). In all the varieties, selected phenolic compounds 
were exhibited to be more susceptible to environmental 
conditions, while others were resilient. 

This impact was also dependant on genetic influence 
as this susceptibility of phenolic compounds was more 
pronounced in the pigment varieties compared to the 
non-pigmented varieties. 

Impact on colorectal cancer cells

The third objective of the project was to examine the 
functionality of rice extracts as a pro-apoptotic agents 
when applied to colorectal cancer cells. 

The investigation revealed rice varieties with higher 
phenolic content and antioxidant activity to also have 
superior ability in inhibition of colorectal cancer cell 
proliferation. Hence, pigmented rice varieties such as 
Yunlu29, Blackgora, Lijiangheguie and Purple were 
observed to have high levels of cytotoxic potency on 
SW480 cells. 

Morphological and dye retention assays indicated 
apoptosis as the means of cell death and/or inhibition 
of cellular viability. This was confirmed with the Annexin 
IV assay, which demonstrated Yunlu29, a representative 
of red rice variety, to have high levels of apoptotic 

Nature or nurture – examining 
the effect of environment on rice 
characteristics

activity.  Investigations on the mechanistic pathway 
exhibited increased expression of p53 protein, multiple 
caspases and in particular caspase 3 and 7. 

This suggests that when treated with rice phenolic 
extracts the p53 protein, which is normally suppressed 
in cancerous cells, is upregulated. This upregulation 
could be potentially instigating a cascade of caspase 
activation resulting in activation of effector caspases 3 
and 7 leading to apoptotic cell death. 

Purple rice did not exhibit significant levels of apoptotic 
activity, however, did express upregulation of the cell 
cycle protein p53 advancing the possibility of cell cycle 
arrest as the pathway in inhibition of proliferation.s.
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Figure 2.  Total phenolic content of the eight wholegrain rice  
varieties which was observed to correlate to the antioxidant  
activity of the respective varieties.
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Figure 3.  UHPLC Chromatogram of pigmented red rice variety Yunlu29. The chromatogram depicts the degree of variation in 
phenolic compounds and its antioxidant activity as a result of different cultivation locations.  

Figure 4.  Apopentage dye indication of apoptosis induction in SW480 colorectal cancer cells when treated with rice 
phenolic extracts; positive for apoptosis (pink), negative for apoptosis (clear).

The studies show the rice 
varieties comprise of multiple 
phenolic compounds. Selected 
phenolic compounds present 
also displayed significant 
antioxidant activity. 
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Impacts of pasture legume phase  
on the seedbank, establishment,  
and growth of barnyard grass 
(Echinochloa crus-galli) in drill sown rice

Exploring the impact of legumes  
on barnyard grass

Objectives

The results of the study suggest 
that pasture legumes in rotation 
can be integrated as a tool to 
impede barnyard grass in water 
saving methods in rice. Reduced 
water availability is a major driver 
of increased adoption of drill-sown 
rice and other water-saving rice 
growing practices.  

However, grass weeds can be a major 
constraint on production in these systems. 
Direct drilling rice into dry soil reduces total 
water use for the crop, thus increasing water 
productivity.  Further water savings can be 
achieved in drill sown rice by delaying the 
application of permanent water until late 
tillering. 

However, delayed application of permanent 
water during the early stages of a drill sown rice 
crop, provides an attractive environment for the 
proliferation of terrestrial summerd weeds such 
as barnyard grass (Echinochloa crus-galli). 

Barnyard grass is reported as a problem weed 
in 61 countries and in 36 crop species and can 
cause reductions in rice yield of 30–100%. It 
also contaminates rice seed at harvest and is 
considered the most problematic weed species 
in Australian rice growing systems.

1. To determine the effects of the different species 
of pasture legumes and selected winter crops 
on seed longevity, establishment and growth of 
barnyard grass.

2. To determine if the pasture legumes and selected 
winter crops have allelopathic inhibitory effects on 
the germination/emergence and growth of rice and 
barnyard grass.

3. To determine the effects of temperature and light 
on the germination of barnyard grass.

Barnyard grass threatens water savings

The results of the study suggest that pasture legumes 
in rotation can be integrated as a tool to impede 
barnyard grass in water saving methods in rice.

The decline in water availability and the impelling 
effort towards increasing water productivity are 
the major drivers for the adoption of water saving 
strategies such as drill sowing of rice with delayed 
application of permanent water (DPW) until late 
tillering for rice crop production. However, weeds such 
as barnyard grass are considered a major threat to 
sustaining water productivity gains in these water-
saving strategies. 

Direct drill sowing of rice prior to DPW results in the 
concurrent establishment of rice and barnyard grass, 
and favours the increase in barnyard grass densities 
(Bajwa and Chauhan 2017). This increases the 
competitiveness of barnyard grass against rice

(Ampong-Nyarko and De Datta 1991). Moreover, the 
biggest risk involved with DPW is insufficient herbicide 
residual control for barnyard grass (Dunn and Ford 2018). 

Barnyard grass is an annual summer terrestrial grass 
weed. It has been reported across 61 countries and grows 
as a weed in 36 different crops (Holm et al., 1991). In rice it 
has been reported to cause 30-100% rice yield reduction 
(Chauhan and Johnson 2011) and rice seed contamination 
during harvest (Pratley et al. 2008). 

It is recognised as a major weed species in Australian rice 
and is reported to have evolved herbicide resistance to 
nine herbicide modes of action, in 20 countries and in four 
crops including rice (Heap 2018). 

The management of barnyard grass is critical in order 
to minimise rice yield loss resulting from water saving 
practices in rice-based cropping systems. Pasture 
legumes in the rotation have long been used by Australian 
farmers and have the potential to assist in management 
of this weed in these systems. However, there is a limited 
literature on understanding the mechanisms of weed 
suppression by pasture legumes in the rotation and the 
different factors that signal germination of barnyard grass. 

Water for irrigation is becoming increasingly limiting in 
Australia and adoption of water-saving strategies needs 
to be supported by the development of new tools and 
practices for weed management to reduce productivity 
penalties. This research aims to provide rice growers with 
options to manage problem weeds, particularly barnyard 
grass, in drill-sown rice to ensure productivity is not 
compromised using these water-saving strategies. 

Research 

Barnyard grass seed bank study

A two season glasshouse pot trial and associated field 
trial were conducted to determine the effects of the 
different species of annual pasture legumes (Border 
balansa, Shaftal Persian, and Antas subterranean 
clovers) and selected winter crops (canola cv AV Garnet 
and barley cv Hindmarsh) on the seed longevity and 
growth of barnyard grass. 

Allelopathy study

Three annual pasture legume species and selected 
crops were used for the evaluation of potential 
allelopathic inhibitory effects of residues on the 
germination and early growth of barnyard grass and on 
rice. Subsequently, a concentration series of the plant 
extracts and pot bioassay were also conducted.

 
Germination study

A study on the effect of light (12 hour light/dark 
conditions and continuous dark) and different 
fluctuating day/night temperature regimes (25/10, 
30/20, and 40/25 °C) in 12h light/dark conditions on 
germination of barnyard grass.

2019 field trial sowing. Photo: Emily Malone.
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Outcomes

Barnyard grass seed bank study

• One season trial showed that barnyard grass 
seed mortality rate is higher when they were 
placed on top of the soil regardless of the 
pasture legume or winter crop.

• After one season of pasture legumes or winter 
crops a high proportion of barnyard grass seeds 
(80-97%) remains viable and is likely to add to 
the soil seedbank or germinate in the following 
summer crop.

• During the winter phase, there is a reduced 
emergence and growth of barnyard grass in pots 
planted with pasture legume species. 

Allelopathy study

• Initial screening for possible allelopathic 
effects of the pasture legumes (Shaftal Persian, 
balansa, and subterranean clovers) on barnyard 
grass showed that the clovers inhibited and 
delayed the germination as well as reduced the 
root and shoot growth of barnyard grass.

• The Shaftal Persian clover root residues + tillage 
reduce the emergence and growth of barnyard grass.

• Rice (cv YRM70) growth is reduced by the 
incorporation of 3 tons of Shaftal Persian  
shoot residues.

Germination study

• Barnyard grass seeds collected in drill sown rice can 
still germinate under dark conditions (when buried) 
but at reduced rate. Delayed germination at lower 
temperature regime (25/10 °C).
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Glass house trials as part of the 2019 research.

Research works towards ‘therapeutic 
rice’ enhanced with polyphenols

Objectives

The outcomes of this work may 
facilitate the Australian rice breeding 
program in the development of 
rice cultivars that are enhanced 
with polyphenols that can alleviate 
obesity-related oxidative stress and 
inflammation.  

Research results may be used to educate health-
conscious consumers that pigmented rice may 
serve as a functional food to meet their culinary 
and nutritional needs. This research will benefit the 
Australian rice industry as increases in demand for 
a “therapeutic rice” will provide higher profitable 
returns and increased competitiveness in the 
global rice market. It is important for rice breeding 
programs to develop rice cultivars that appeal to 
consumers and are enriched with polyphenols.

To determine via a human clinical trial: 

• Post  pigmented rice consumption, what 
polyphenols and metabolites become bioavailable 
in obese and healthy populations? 

• Does pigmented rice consumption improve 
antioxidant and anti-inflammatory status in obese 
and healthy populations? 

 
Food as medicine: Finding a solution to 
inflammation and free radical damage

Global obesity rates are at epidemic proportions. Studies 
demonstrate obese individuals have higher baseline 
profiles of inflammation and free radical damage, 
commonly termed as oxidative stress. As a result of 
increased inflammation and oxidative stress, obesity 
has been significantly correlated with the development 
of diseases including type II diabetes mellitus, 
cardiovascular disease, hypertension and a majority 
of cancers. Healthier lifestyle choices are not always 
effective in combating obesity. 

Therefore, to overcome the obesity epidemic, 
therapeutic treatments are required. The majority 
of limited pharmaceutical treatments for obesity, 
have been unsuccessful due to adverse side effects, 
creating a demand for alternative therapeutic 
options. The incorporation of functional foods with 
bioactive properties into diets may serve as a potential 
complementary alternative for obesity treatment. 

This research will benefit the 
Australian rice industry as 
increases in demand for a 
“therapeutic rice” will provide 
higher profitable returns and 
increased competitiveness in 
the global rice market.

The Short Story
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Pigmented rice benefits

Rice is a staple food consumed at least once a day by 
more than half of the world’s population. Specifically, 
pigmented rice varieties have been demonstrated to 
possess anti-inflammatory and antioxidant properties 
thus presenting rice as a potential candidate for a 
functional food alternative. 

In particular, red and black pigmented wholegrain 
rice varieties have demonstrated therapeutic 
characteristics attributed to the presence of 
polyphenols. Polyphenols are a subclass of 
phytochemicals that are predominant in grains, fruits, 
and vegetables. Incorporation of polyphenols into diets 
through rice consumption could be a potential solution 
for reducing the incidence of obesity. It is fundamental 
for rice breeding programs to develop rice cultivars 
that appeal to consumers and are enriched with 
polyphenols.

Which varieties hold the most potential benefit?

This research aims to identify which Australian 
pigmented rice varieties contain the most therapeutic 
potential in alleviating obesity-related oxidative stress 
and inflammation via conducting in-vitro studies and 
human clinical trials with obese populations. There are 

no studies to date, that highlight the bioavailability of 
rice-derived polyphenols when ingested. 

Furthermore, it is essential to understand the 
mechanism in which pigmented rice polyphenols are 
processed through the human digestive system and 
what polyphenols or polyphenol metabolites become 
systemically bioavailable to ellicit a therapeutic effect. 

A clear understanding of polyphenol bioavailability 
can assist future work in identifying the therapeutic 
mechanisms associated with pigmented rice-derived 
polyphenols as well as assist the Australian Rice 
Breeding Program to breed pigmented rice varieties rich 
in therapeutic polyphenols.  

Research 

Twenty-one sedentary obese (BMI>30) and 21 healthy 
(BMI 18.5 – 24.9) volunteers with equal gender 
distribution for both groups were recruited for a dietary 
intervention trial. Participation involved three visits to 
the National Life Sciences Hub. 

During the first visit each participant signed an 
informed consent and completed screening forms 
(physical activity, health history and antioxidant 
questionnaires). Height, weight, waist to hip ratio, body 

Clinical trials looked at the incorporation of functional foods with bioactive properties into diets.

fat (using a 3-site skin fold assessment technique) 
and blood pressure was taken of each participant 
using standard procedures. Standard venepuncture 
procedure was used to take 25 mL of baseline fasting 
blood samples. 

The participants were  given a serving of cooked 
pigmented rice (either purple, red or brown) to consume. 
The participant had 20 minutes to consume the serving 
of rice in conjunction with a glass of water. Following 
rice consumption, the participant maintained low 
physical activity (seated or standing to their comfort). A 
25 mL blood sample was collected at 0.5, 1, 2, 4, 6 hours 
post rice consumption. 

Every hour the participant was  offered a glass of water 
to ensure hydration was maintained. The second and 
third visit was identical to the first visit with a one-week 
wash out period. Upon the second and third visit the 
participant consumed the remaining pigmented rice 
varieties respectively. 

Full blood count and biochemistry pathology was 
conducted on every participant’s baseline sample. Each 
sample also had antioxidant status and  biomarkers 
for inflammation (e.g. pro-inflammatory cytokines) and 
lipid peroxidation (malondialdehyde) analysed. 

Outcomes

Recruitment, sample collection and associated 
laboratory work is complete for both the healthy and 
obese groups. Results thus far have shown one hour 
post purple rice consumption signifixcantly increases 
antioxidant status in obese populations. 

In healthy populations, increase in antioxidant 
status occurs at thirty minutes post purple rice 
consumption and remains elevated until the 
final four-hour sample point. Yunlu29 (red rice) 
significantly increased antioxidant status thirty 
minutes post rice consumption in both healthy 
and obese populations and then reduced back to 
basline levels at the remaining time points. Brown 
rice (Reiziq) had no effect on increasing antioxidant 
status in either population. 

The clinical trial is still in data analysis phase, as a 
result full outcomes and conclusions cannot be made 
at this time.  The study wraps up in August 2019.
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rice varieties have been 
demonstrated to possess anti-
inflammatory and antioxidant 
properties thus presenting rice 
as a potential candidate for a 
functional food alternative.
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Heat stabilisation methods 
such as microwave heating, 
extrusion and steaming  
are applied post-milling,  
to render the rice bran ready 
for dietary use.

Exploring the beneficial  
properties of rice bran 

Objectives

Rice bran is currently discarded 
due to its shorter shelf-life.   

Results obtained from this research so far 
shows stabilisation treatment can increase 
the shelf-life and preserve essential 
phenolic compounds with antioxidant 
activity. Therefore, introduction of rice bran 
into existing meals may help alleviate some 
consumer health concerns and increase value 
of the Australian rice industry. 

The objective of this study was to identify the effect of: 

1. Stabilisation treatments on the phenolic content 
and antioxidant activity of rice bran extracts 

2. Stabilised rice bran extracts in modulating 
endothelial function and inflammatory responses 
in-vitro

3. Stabilised rice bran extracts on platelet activation 
associated thrombogenesis ex-vivo.

Background

One of the leading examples of cardiovascular disease 
(CVD) is acute arterial thrombosis. Endothelial 
dysfunction is one of the most common precursors of 
thrombosis. The endothelium is a thin membrane which 
forms a barrier between blood vessels and surrounding 
tissues which helps regulate blood clotting, immune 
function and control vascular relaxation. 

Endothelial dysfunction results in the inability of 
arteries to dilate properly. Anti-platelet drugs such 
as aspirin and clopidogrel are known to alleviate 
thrombotic risk, however incidence of resistance, 
sensitivity and side effects have been reported for these 
drugs.  Natural products with minimal or no side effects 
and abundant in antioxidant rich phenolic compounds 
are believed to possess anti-thrombotic properties. 

Phenolic compounds have been demonstrated to 
reduce platelet hyperactivity by impeding various 
receptors on the platelet surface and eradicating free 

Prof. Christopher Blanchard,  
Nancy Saji

Australian Research Council Industrial 
Transformation Training Centre for Functional 
Grains, Charles Sturt University
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Exploring the health beneficial  
properties of rice bran 

radicals that are responsible for platelet activation, 
consequently leading to a reduction in the risk of 
thrombus formation and alleviation of endothelial 
dysfunction in several in-vitro and ex-vivo studies. 

Rice bran, found on the outer layer of rice, is 
generated as a by-product of rice milling. Rice 
bran is a rich source of a wide range of bioactive 
phytochemicals that include phenolic compounds as 
well as lipids, proteins and dietary fibres. In particular, 
phenolic compounds found in rice bran have been 
attributed to antioxidant, anti-inflammatory and anti-
dyslipidaemic properties. 

Currently, rice bran is discarded or used as animal 
feed due to the increase in free fatty acids during 
storage within the rice bran leading to rancidity, 
undesirable odours and flavours. Heat stabilisation 
methods such as microwave heating, extrusion and 
steaming are applied post-milling, to render the rice 
bran ready for dietary use. 

However, significant variations in the antioxidant 
levels of rice bran derived bioactive compounds 
have been noted. Therefore, further research on the 
composition and processing behaviour of rice bran 
fractions may be an imperative way of value-added 
processing to acquire specific compounds of interest 
and increase economic rates of return. 

Research

Effect of stabilisation treatments on the phenolic 
content and antioxidant activity of rice bran extracts

The aim was to investigate the potential variations in the 
composition of bioactive compounds present in stabilised 
and non-stabilised rice bran. Microwave and oven 
stabilisation were conducted on non-stabilised rice bran 
to compare to commercially stabilised rice bran samples. 
All samples were defatted, the phenolic compounds were 
extracted, dried and reconstituted in methanol. 

The extracts were analysed using ultra high 
performance liquid chromatography with diode array 
detection and liquid chromatography followed by 
quadrupole time of flight mass spectrometry. Benchtop 
assays were utilised to determine the total phenolic 
content, antioxidant potential and radical scavenging 
activity of each of the samples.  

Role of stabilised rice bran extracts in modulating 
endothelial function and inflammatory responses in-vitro

The aim was to evaluate the effect of stabilised rice bran 
extracts on endothelial function, oxidative stress and 
inflammation in-vitro. Human umbilical vein endothelial 
cells (HUVECs), under induced oxidative stress, was used. 
Prior to extract application, a cytotoxicity assay was 
performed on HUVECs using stabilised rice bran extracts 
at varying concentrations to determine the viability of the 
HUVECs at different concentrations. 

Charles Sturt University PhD candidate, Nancy Saji.
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Gene expression analysis was conducted to assess 
the transcriptional regulation of selected molecular 
biomarkers in the presence of stabilised rice bran 
extract. The expression of genes involved in the 
regulation of antioxidant and anti-inflammatory 
pathways were evaluated against a house keeping 
reference gene using quantitative real-time polymerase 
chain reaction. 

Role of stabilised rice bran extracts on platelet 
activation associated thrombogenesis ex-vivo

The aim was to evaluate the effect of rice bran 
extracts in reducing platelet activation related 
conformational changes and aggregation to lower 
occurrence of thrombosis and provide cardio-
protection. Different concentrations of rice bran 
extracts were added to blood samples from healthy 
participants. An antibody mixture containing the 
platelet activation antibodies was added and platelet 
activation was induced via the addition of adenosine 
diphosphate. The red blood cells were lysed and the 
cell suspension was fixed using a lysing solution and 
the samples were analysed using a flow cytometer. 

Outcomes

Effect of stabilisation treatments on the phenolic 
content and antioxidant activity of rice bran extracts

Raw rice bran was compared against stabilised rice 
bran, prepared via several stabilisation treatments, 
for differences in the total phenolic composition 
and antioxidant capacity. Results obtained display 
significant differences in the total phenolic content, 
radical scavenging activity and antioxidant activity 
between the different stabilisation treatments 
compared to the non-stabilised RB. 

Role of stabilised rice bran extracts in modulating 
endothelial function and inflammatory responses 
in-vitro

Phenolic extracts derived from stabilised rice bran 
has resulted in regulation of several genes associated 
with anti-oxidant and anti-inflammatory pathways in 
HUVECs induced with oxidative stress conditions. This 
signifies protection against endothelial dysfunction via 
amelioration of reactive oxygen species that causes 
oxidative stress and inflammation, thus providing a 
potential cardio protective outcome.

Role of stabilised rice bran extracts on platelet 
activation associated thrombogenesis ex-vivo

The results obtained from this study did not 
display any significant conformational changes to 
platelet activation after treatment with different 
concentrations of rice bran extracts. This may be 
because of the intricate mechanistic action of a 
mixture of phenolic compounds present in rice 
bran extract. 

In summary, the results of this study has revealed 
that rice bran derived phenolic compounds has 
anti-oxidant and anti-inflammatory potential. Other 
studies that were initially proposed in the application 
are yet to be completed. This includes, in-vitro starch 
digestibility assay and human clinical trial on the 
effect if rice bran on risk factors associated with CVD 
in Type II diabetic patients. Therefore, affirmative 
conclusions cannot be made at this point time. 
Completion of this project is expected in July 2020. 
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Starch structure in relation to  
rice digestibility

Objectives

This work aims to the fast track 
the identification and selection 
of high quality rice lines with 
consumer relevant traits, such 
as low GI. This will allow for the 
expansion of available products in 
the healthy food sector. 

There is an opportunity for the rice industry to 
expand the range of value-added rice options 
in this growing market. Starch is a major driver 
of key quality traits of rice, including slower 
digestion or low glycemic index (GI).  

The challenge is to confidently attribute 
starch structure to quality traits such as low 
GI, and to do so for a range of rice types. A 
significant barrier to breeding new varieties is 
the availability of accepted and proven tools to 
select for low GI traits. In vivo methods are cost-
prohibitive, while in vitro methods tend to be fit 
for purpose rather than universal.  

Incorporating this knowledge into the breeding 
process can serve to improve the capacity to 
select for digestibility. 

• There is an opportunity for the rice industry to 
expand the range of value-added rice options 
in this growing market. Starch is a major driver 
of key quality traits of rice, including slower 
digestion or low glycemic index (GI).  

• The challenge is to confidently attribute starch 
structure to quality traits such as low GI, and 
to do so for a range of rice types. A significant 
barrier to breeding new varieties is the availability 
of accepted and proven tools to select for low GI 
traits. In vivo methods are cost-prohibitive, while 
in vitro methods tend to be fit for purpose rather 
than universal.  

• Incorporating this knowledge into the breeding 
process can serve to improve the capacity to 
select for digestibility.  

Exciting new approach to selecting  
for digestibility

Starch structure has been found to be an exciting 
new approach for improving the identification 
and selection of rice lines for digestibility. The 
incorporation of branching structure with the existing 
apparent amylose content-digestibility correlation 
has allowed for improved identification of slower 
digestibility. The relaxation of starch molecules by 
solid-state 1H NMR spectroscopy has yielded a 
simple approach to discriminate cooked rices based 
on digestibility.
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These findings have the potential to be both directly and 
indirectly incorporated into the rice breeding process.

Directly contributing to the rice breeding process, 
the determination of apparent amylose content and 
branching structure by capillary electrophoresis could 
build on an already established component of rice 
breeding with minimal barriers to incorporating into 
existing analysis routines.

• Measurements are straightforward, requiring 
minimal training and time.

• Relatively low cost of instrumentation and low 
running costs ($30 – $70k initial).

Indirectly impacting the rice breeding process are the 
more advanced methods of analysis, typically requiring 
expensive equipment and specialised expertise.

• Solid-state 1H NMR spectroscopy provides 
valuable information that can discriminate by 
digestibility; however, is limited to cooked rice 
samples. Development of benchtop instruments is 
lowering costs and simplifying operation.

• The analysis of the various facets of semi-
crystalline and crystalline structure in starch 
require the use of advanced analytical instruments, 
along with complex analysis. The crystalline 
structures can reveal a lot about the functional 
properties; however, are not suitable parameters for 
routine measurements.

• While not suitable for direct implementation, the 
knowledge gained from these approaches can still 
indirectly aid the breeding process.

This work aims to fast track the identification and 
selection of high quality rice lines with consumer relevant 
traits, such as low GI. This will allow for the expansion of 
available products in the healthy food sector.  

Research

The first aim of this project is to characterise the 
(supra) molecular structure of starch in milled rice 
samples relevant to the objectives of the Australian Rice 
Partnership. The structural focus of each method used 
in this study include: 

• The determination of amylose content and 
its branching structure in raw rice flours and 
grains. This is accomplished using capillary 
electrophoresis, where the components of starch 
are separated and studied individually [4]. 

• The relaxation of starch molecules in a magnetic 
field to discriminate between different cooked rice 
samples, analogous to how contrast is achieved in a 
typical medical MRI scan. This is achieved by solid-
state 1H NMR spectroscopy, an advanced technique 
for the analysis of nuclei and their dynamics.

Matthew Van Leeuwen using capillary electrophoresis (CE) to characterise starch to speed up estimates of 
glycaemic index of breeding lines in the rice breeding program.

The semi-crystalline structure of starch in raw rice 
flours, and underlying crystalline structure with features 
ranging from tens to hundreds of nanometres. 

• Semi-crystalline lamellar structure was probed 
by small angle X-ray scattering in collaboration 
with Australian Nuclear Science and Technology 
Organisation researchers.

• Long-range crystallinity was probed by powder X-ray 
diffraction.

• Helice content and short range crystallinity was 
probed by 13C solid-state NMR spectroscopy.

• Allows for an investigation into any varietal 
disconnects that may exists between different 
levels of crystalline structure. 

The second aim is to use correlations of structural data 
with digestibility to create a base of knowledge that can 
be used to inform selections in breeding lines. 

Outcomes

To date the different levels of starch structure present in 
a variety of rice samples have been characterised. This 
structural data has then been correlated with available 
digestion data to investigate. The outcomes of this 
characterisation are: 

Amylose content and structure by capillary 
electrophoresis

• Rice lines with the similar apparent amylose 
contents have different in vitro digestibility.

• Rice lines with the similar apparent amylose 
contents exhibit very different amylose structures.

• Suggests that amylose structure, rather than 
content, is a more useful tool to predict digestibility. 

Starch relaxation by solid-state 1H NMR spectroscopy 

• Differences can be observed in cooked rice, but not 
in raw rice.

• Cooked rice with longer relaxation times displayed 
lower digestibility.

• Suggests that cooking affects rice different, and a 
consistent cooking method is recommended.

Semi-crystalline structure by different  
analytical techniques

• Rice lines show different semi-crystalline 
structures. 

• These structures were not found to be drivers of 
digestibility. Hypothesised to be a result of the 
complete rearrangement of structure at this scale 
as a result of cooking.

• These features are likely to be factors in other 
properties of rice such as cooking, sensory qualities 
and raw grain characteristics.

The remainder of the project will focus on the correlation 
of starch structure with digestibility. Firstly, collation 
of more extensive data set will allow for development 
of any relationships as a digestibility prediction tool. 
Testing this approach on a set of samples of known 
digestibility will then serve to validate the findings. 
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Characterisation of
morphological, physiological
and biochemical traits for heat
tolerance in aerobic rice

Adapting rice to the heat of north 
Queensland’s tropical environment 

Objectives

For a successful expansion of the rice 
industry into north Queensland, all 
new varieties need to be adapted to 
a tropical environment. 

Rice in north Queensland is predominantly grown 
integrated into an established sugarcane cropping 
system, as an alternative fallow crop. North 
Queensland can exceed the optimal temperature 
for rice growing which is 22 – 28°C (night - day 
time temperature) and the summer rice crop can 
experience heat stress particularly at flowering,  
which in turn causes pikelet sterility.

 In Tully, rice variety Topaz recorded up to 34% spikelet 
sterility. With commercial crops averaging four tonnes 
per hectare this level of spikelet sterility equates to 
a yield loss of 2t/ha, which makes rice production 
non-viable.  Varieties such as Topaz and Doongara 
have been bred for the southern rice Industry, which 
is a traditional paddy system in a temperate climate. 
Southern varieties are now being grown in an aerobic 
system in a tropical environment, which regularly 
experiences high temperatures in conjunction with 
high humidity during the wet season. Soil canopy 
and panicle temperatures can be higher in aerobic 
production systems than in a flooded system. 

This study aims to improve yields by selecting 
varieties with appropriate physiological, 
morphological and biochemical traits for heat 
tolerance in a tropical aerobic system.

1. Investigate the correlation of yield in a tropical 
aerobic environment with a range of morphological, 
physiological and biochemical traits for heat 
tolerance at flowering on a diverse set of genotypes 
sourced from NSW DPI.

2. Phenotype a large japonica genome wide 
association population (310 genotypes from NSW 
DPI) for key traits that confer heat tolerance in 
a tropical environment and conduct genotype-
phenotype associations to investigate genetic 
control of these traits.

Research 

A series of experiments have been planned for the 
period of this research project.

1. Early booting and flowering stage heat stress in the 
glasshouse. (Completed – 27 genotypes). 

2. Field evaluation of physiological traits of rice 
varieties for heat tolerance in North Queensland 
(Completed – 27 genotypes).

3. Effect of heat stress at flowering on spikelet 
sterility and lipid composition influencing 
reproductive performance (Completed one trial, 
Second trial in progress – six genotypes).

4. Evaluation of genotypes and traits at different heat 
stress regimes in field conditions using multiple 
planting dates (Completed for two years – 16 
genotypes in Year 1 and six genotypes in Year 2).

5. Genotyping of japonica rice population using a 
genome wide association study to the quantitative 
trait loci for heat tolerance in rice (In progress).

Outcomes

Experiment 1 was conducted in the glass house at 
Central Queensland University (CQU), Rockhampton. 
The results confirmed there was a large genetic 
diversity for heat tolerance at flowering across the 27 
genotypes selected for screening.  Spikelet sterility 
across the genotypes ranged from 3% to 74%.  

Experiment 2 was a field trial in Tully, using the same 
genotypes as Experiment 1, also showed a wide 
diversity for spikelet sterility ranging from 8 to 40%.  

Bala, Sherpa, WAB 450-I-B-P38-HB, CG14, Hayayuki, 
Lemont, Sasanishiki and Nagina 22 recording 
significantly lower spikelet sterility compared to the 
remaining 19 genotypes.  

The confounding effect of different temperatures on 
spikelet sterility associated with different flowering 
times for genotypes was noted for both experiments.

In Experiment 3, Sasanishiki, Hayayuki, Nagina 22, 
Moroberekan, TeQing and Lemont were grown in 
controlled environments in growth cabinets under 
three temperature regimes and evaluated for spikelet 
sterility and fatty acid compositions of the anthers.

• T1 - Normal unstressed temperature 
(28/21°C day/night).

• T2 - Transient exposure at high temperatures 
(38/28°C day/night) for a short period during 
flowering only.

• T3 - Prolonged exposure at high temperatures from 
flowering to seed maturity and harvest.

Nagina 22, was the only genotype conferring stable heat 
tolerance across transient and prolonged heat stress. All 
other genotypes (Hayayuki, TeQing, Sasanishiki, Lemont 
and Moroberekan) showed severe spikelet sterility due to 
prolonged heat stress. 

Nagina 22 also consistently showed significantly 
higher level of saturated and unsaturated fatty acids 
levels and concentration of 16 and 18 chain fatty than 
the other genotypes.

The fatty acid content and the composition of the anther 
tissue may be linked with heat tolerance expressed as 
low spikelet sterility in rice at higher temperature during 
flowering. This experiment is currently being repeated.  

Planting of genome wide association study 12 February 2019.
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Experiment 4 was a field trial conducted in Tully using 
16 genotypes, across three planting dates (5 January, 
19 January and 4 February 2018). Spikelet sterility for 
the 16 genotypes ranged from 9% to 82% across all 
planting dates. Planting dates 1, 2 and 3 had a range of 
spikelet sterility of 10% to 82%, 10% to 72% and 9% to 
70% respectively. 

The association between pikelet sterility and high 
temperature during flowering across three planting 
dates did not show strong correlation. This was 
largely due to infrequent high temperature extremes 
that did not exceed 32.4°C within seven days of 
flowering commencing.  

This trial was repeated in 2018/19 season as a 
potted field trial in Tully using six genotypes planted 
1 November, 1 December, 1 January and 2 February.  
Data is still being collated.

Experiment 5 mapping 310 japonica genotypes was 
planted on the 12 February 2019, and harvest has just 
been completed. Spikelet sterility, yield, number of plants 
per plot and flowering date was all recorded. Genotype 
and phenotype data will be analysed through TASSEL to 
identify associations between a gene and a phenotype. 
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Battling rice pests and diseases in  
a changing regulatory world

Objectives

This project has led to valuable 
advances, despite some obstacles 
being encountered. Difficulties 
in developing a synthetic diet for 
armyworm and the need to culture 
late stage caterpillars in individual 
containers could not have been 
foreseen initially, and completing the 
niclosamide trials took two seasons, 
rather than one. 

Development of alternative chemicals for 
armyworm and bloodworm should be considered 
a priority due to the June 2019 Australian 
Pesticides and Veterinary Medicines Authority 
(APVMA) announcement of a Proposed Regulatory 
Decision on chlorpyrifos, a mainstay of crop 
protection for the industry. 

The decision involves cancelling the registration of 
this active in domestic situations and some public 
spaces, and then reviewing its use in agriculture 
and biosecurity settings, with the possibility of 
further restrictions.

Armyworm

1. Confirm that only one armyworm species 
(Mythimna convecta) is present in southern  
rice crops.

2. Evaluate the effects of delayed permanent 
water and mid-season drainage on crop 
vulnerability, determine parasitism levels and 
refine spray thresholds.

3. Identify newer generation pesticides for further 
development.

Bloodworm/snails

1. Evaluate duck exclusion netting for use at 
bloodworm trial sites and develop fipronil and 
potentially other compounds for direct spray 
application against bloodworms.

2. (Alternate objective: subject to APVMA permit 
availability, conduct commercial trials of 
niclosamide against rice snails).

Stem rot

1. Determine the susceptibility of commercial 
rice varieties to stem rot, test for differences 
between stem rot isolates from different 
locations, and undertake trials to investigate 
whether saline water increases the infectivity  
of stem rot.

This project has led to valuable 
advances, despite some obstacles 
being encountered. 
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Outcomes

Armyworm

Sugarcane armyworm, Leucania stenographa, has 
been found in NSW rice crops, sometimes dominating 
populations and co-occurring with common armyworm. 
It is not possible to easily distinguish the caterpillars, 
although the adult moths are clearly different. 

Parasitoids of both species kill many caterpillars in the 
larval stages, however we have found DNA barcoding 
can effectively identify host caterpillars based on larval 
remains. Parasitism of field populations may exceed 
70% but the significance of this remains debatable, as 
flooded rice is largely a ‘dead end’ crop for armyworm 
and reinfestation occurs via moths migrating from 
other areas. More work on egg and early stage larval 
parasitism is needed.  
 
Artificial defoliation experiments demonstrated that 
rice plants can recover from substantial damage 
at PI without yield loss. A 25% leaf loss does not 
significantly reduce yield, however a small but 
significant reduction occurs with 50% leaf loss.

Dietary and topical bioassay methodology was 
modified from that used for Heliothis, and four 
chemicals were evaluated against laboratory-cultured 
common armyworm larvae. The most effective 
chemicals were Affirm® (emamectin benzoate) and 
Altacor® (chlorantraniliprole). 

Snails

An APVMA permit for commercial trials of 
niclosamide was granted in 2016 and a total of nine 
trials were conducted in the 2016/17 and 2017/18 
seasons. Results cannot be presented in detail due to 
commercial confidentiality issues, but the outcomes 
were all positive in terms of efficacy, crop safety 
and environmental impact. A dossier containing all 
our data is now being prepared to facilitate product 
registration.

Bloodworm

A replicated field trail using Maestro® (fipronil SC) 
as a direct spray treatment was conducted in the 
2018/19 season. High levels of infestation occurred 
and application rates of 12.5 to 22.5 g AI/ha all led 
to reductions in target populations of 92% over nine 
days and 85-88% over 21 days.

Stem rot

Stem rot reduced grain weight and numbers, but only 
in severely affected stems. In glasshouse experiments 
stem rot did not affect total yield. All current varieties 
are susceptible to the disease, with Sherpa® the 
most susceptible and Reiziq® the least. Destruction 
of sclerotia through stubble burning remains the most 
effective method of disease management.

Reiziq defoliation trial plot, with the outer rows removed prior to sampling the central area.

Implications

This project has led to valuable advances, despite some 
obstacles being encountered. Difficulties in developing a 
synthetic diet for armyworm and the need to culture late 
stage caterpillars in individual containers could not have 
been foreseen initially, and completing the niclosamide 
trials took two seasons, rather than one.

Once finalised, the dossier on niclosamide will facilitate 
the registration of this material for snail control by 
Conquest Chemicals, giving growers who repeat crop 
a reliable alternative to copper sulphate, which often 
performs poorly.

The further development of Affirm® and/or Altacor® 

for armyworm control will give growers a more selective 
method of armyworm management. 

Products chosen for further development need to be 
tested in small-plot trials to demonstrate efficacy in 
the field and generate the residue data necessary to 
support a commercial trial permit application. Fipronil 
(the active ingredient of Maestro®) has established 
MRL and ADI values due to the earlier registration of the 
seed treatment formulation Cosmos®. This will make 
registration of Maestro® as a direct spray treatment 
relatively simple. Data from this project is sufficient to 
facilitate a commercial trial permit application.

Development of alternative chemicals for armyworm 
and bloodworm should be considered a priority due to 
the June 2019 APVMA announcement of a Proposed 
Regulatory Decision on chlorpyrifos, a mainstay of crop 
protection for the industry.  

The decision involves cancelling the registration of this 
active in domestic situations and some public spaces, 
and then reviewing its use in agriculture and biosecurity 
settings, with the possibility of further restrictions.
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Traits of importance for
aerobic 'DryRice' varieties
for the Riverina region

Identifying traits for aerobic 'DryRice' 
varieties for the Riverina 

Objectives

Aerobic rice in southern Australia 
is a new system, and as such little 
research has been carried out 
to identify donor varieties with 
specific adaptation to aerobic 
conditions. The physiological 
mechanisms underlying the 
requirements for aerobic varieties 
also needs to be studied. 

Researchers propose that with optimal genotypes 
and best management practices, the yield level 
of aerobic rice can approach that of flooded 
systems, with the advantage of reduced irrigation 
water and hence higher water productivity.

An underlying cold tolerance in combination with 
appropriate agronomy may lead to opportunities 
for commercial aerobic production and 
improvement in water productivity at the farm 
level in southern Australia.

1. To identify genotypic variation and donor varieties 
for adaptation to aerobic conditions.

2. To identify physiological mechanisms/traits 
related to adaptation of rice to aerobic conditions 
under drill seeding.

3. To identify genomic regions and molecular markers 
that link genotype to phenotype.

4. To evaluate agronomic performance of selected 
genotypes for aerobic rice systems for southern 
Australia.

5. To establish the UQ Gatton research field site as a 
‘DryRice’ site for physiology research and variety 
selection for aerobic adaptation.

These objectives would be achieved via activities 
conducted across four years in Gatton and Southern 
NSW field sites and UQ controlled temperature 
glasshouse facilities. Researchers propose that with 
optimal genotypes and best management practices, 
the yield level of aerobic rice can approach that of 
flooded systems, with the advantage of reduced 
irrigation water and hence higher water productivity.

The main aim of this project is to identify donor 
varieties and traits/QTL that are associated with well-
watered aerobic conditions under drill seeding, which 
leads to development of sound screening methods for 
selecting rice genotypes adapted to such conditions.
Furthermore, there is scope for the UQ Gatton research 
field site to be considered as a managed environment 
facility targeting Aerobic ‘DryRice’ production.

Research 

In Year 1 of the project researchers have evaluated 
several sets of genetic material provided by NSW DPI 
rice breeding program. Among these, newly developed 
biparental populations between cold tolerant and 
sensitive rice varieties (e.g. Sherpa/IRAT109) to identify 
promising genotypes for aerobic and cold adaptation. 

The Sherpa/IRAT109 population (269 genotypes) was 
grown under aerobic conditions at Gatton and achieved 
on average 10.4 t/ha. More than 20 genotypes were 
identified that produced greater than 12 t/ha, with Reiziq 
achieving 8.7 t/ha. 

This material will now be screened in the UQ cold facility 
with the aim of identifying which of these genotypes are 
tolerant to low-temperature at the young microspore 
stage. This population will be evaluated in a number of 
field experiments in a number of locations in the coming 
season. An aerobic field experiment at Gatton evaluated 
48 genotypes (including advanced lines) for grain yield 
and early vigour. Early vigour scores ranged from 2.1-7.8 
(1: poor – 9: most vigorous), of which 12 were greater than 
the best Australian variety (Viand). 

Grain yield ranged from 3.5 to 9.7 t/ha with Lemont 
and Sherpa the highest yielding genotypes. A strong 
relationship existed between visual early vigour score 
and light interception and leaf area/plant. However, there 
was no significant relationship between early vigour 
and grain yield where weeds have been controlled with 
herbicides. A glasshouse experiment quantified water 
use of genotypes exposed to cold and aerobic conditions 

at young microspore. Under low-temperatures water 
use varied from 70-139 mm/day with 45% of variation 
explained by biomass. A second experiment is currently 
underway.  A total of 294 genotypes from four crosses 
derived from cold tolerant KKN have been screened in the 
UQ cold facility to validate putative QTL, with association 
analysis underway.

Seed was multiplied in the field for the Yanco Core 
Japonica Diversity Set (YCJDS) which includes a number 
of varieties known to be adapted to drought or upland 
conditions and these have also been screened for root 
angle and mesocotyl length. Mesocotyl length ranged 
from 1.64-37.2mm in YCJDS, but Australian genotypes 
showed limited variation (1.91-16.7mm). Root cone angle 
ranged from 85 to 191°, with a number of the Australian 
advanced breeding lines identified at both extremes. 
Association analysis identified 61 markers of interest in 
relation to mesocotyl length, further analysis is underway.   

Grain yield, yield components and grain quality samples 
were collected for agronomic evaluation of 15 genotypes 
at 2 nitrogen rates for three water management 
experiments (aerobic, delayed permanent water and 
conventional Drill) at Yanco. Thirty-tiller cuts were 
collected for some varieties exposed to a mild cold event 
at Leeton farm and severe late season cold at RRAPL.  

In the first year, nine coursework Masters students (five 
graduated) and two undergraduate summer semester 
students have received or are currently receiving training. 
This month a PhD candidate, who comes to us from 
the International Rice Research Institute (IRRI) has 
commenced his studies within this project. 

UQ Summer students taking canopy temperature measurements in the field at Gatton.

The main aim of this project is 
to identify donor varieties and 
traits/QTL that are associated 
with well-watered aerobic 
conditions under drill seeding.
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Outcomes 

The project is a joint effort between UQ and NSW DPI, 
combining the strength of rice physiology and genomic 
analysis of UQ and that of rice breeding and agronomy 
within NSW DPI. 

With incorporation of identified donor varieties, traits/
QTL by the NSW DPI rice breeders, new varieties 
originating from the project are likely to offer additional 
cold tolerance, lower production risk and increased 
water use efficiency. The overall intended outcome of the 
project is to identify donor varieties, the key traits and 
requirements for the establishment of a new southern 
Australian aerobic rice industry.

The traditional rice production system in southern 
Australia is heavily reliant on permanent standing water 
to minimise yield losses in cold years. With incorporation 
of varieties with greater cold tolerance and traits that 
contribute to aerobic adaptation, the potential for aerobic 
rice production may be realised which could result in large 
reductions in water use, improved water productivity at the 
farm level and significant benefits to the environment.
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Developing varieties with
agronomic integrity/market

 
Project timeframe

2018-2020

Northern varieties that meet market 
demand are back in development

Objectives

Rice variety development for 
northern Australia ceased in Ayr 
in late the 1980s. Subsequent rice 
evaluation was sporadic and largely 
funded through both private and 
Federally-funded bodies such as 
Australian Centre for International 
Agricultural Research (ACIAR) on an 
opportunistic basis accompanying 
embryonic commercial plantings.   

This project aims at developing a range of 
quality types which have established and 
lucrative market opportunities into rice 
varieties that are suited to tropical production 
under rain-fed and aerobic conditions.

In addition to providing a variety, YRL39 
(SCLG), ready for release this project has been 
instrumental in providing quantities of finished 
product for associated rice research, particular 
those into positive health benefits.

To develop for release tailored rice varieties that are 
both productive on a gross margin basis for northern 
Australian rice growers and lucrative as a milled 
whole grain commodity to satisfy growing global 
demand, such as: 

• Soft-cooking fragrant variety (FLG)

• Soft-cooking long grain (SCLG)

• A tropical medium grain (TMG)

• A low glycaemic index (LGI) variety.

Researchers are also providing a supporting role in rice 
pest and diseases through molecular genetics.

 
 
Background

To be competitive on a gross margin and global market 
scale for tropical Australian rice production, a distinct 
rice variety range is required that can capitalise on the 
more lucrative softer cooking or japonica background, 
that historically has been the hallmark of temperate 
(southern) production.  This contrasts with global 
tropical production which utilised the less desirable but 
more adaptive indica, firm cooking commodities.  An 
opportunity exists to utilise the two seasons per year 
available in northern Australia, to both supplement 
southern production, which is increasingly under 
threat of water scarcity for environmental and political 
reasons, as well as to strike out with a stand-alone 
product of bi-yearly freshness.  

The challenge is to couple the tried and tested methodologies 
of breeding and evaluation in conjunction with quality 
evaluation used in the southern program (Australian Rice 
Partnership II) with the unique agronomic robustness needed 

Researchers are providing  
a supporting role in rice 
pest and diseases through 
molecular genetics.
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to be a viable production option for the tropical north.  In 
addition to disease and insect pressures not encountered 
in the temperate region, there are also the added crop 
husbandry differences of growing rice under aerobic as 
opposed to permanent inundated conditions, under two (Wet 
and Dry) distinctly difference seasons per year.  As production 
is predominately on the eastern coast, there is also a need to 
make contingency for saline conditions and the mitigation of 
excessive runoff to sensitive reef and fish estuaries.

Research

Researchers prepared a varietal assessment and 
selection program plan that identified the key selection 
objective for tropical and sub-tropical zones in Australia 
with the following deliverables:

1. Provision of pure/clean seed and accompanying 
quantitative data on their selection for the most likely 
candidates for the quality classes mentioned above

2. Quantify the best pairing of variety type by location 
and season for the most viable commercial outcome

3. Varietal selection protocols that pre-empt pest 
and disease susceptibilities

4. Plant Breeder rights (PBR) for any material 
destined for release.

Outcomes

An array (see photo above) of panicle rows, early 
generation partial replicated plots, fully replicated plots 
and long-rows have emanated from activities at Mackay 
over the last two seasons (12 months).  

In additional to grain yield, agronomically pertinent data 
such as disease susceptibility (see photo) were collected 
and analysed, which together with more than 703 grain 
quality samples have provided guidance for the selection 
of candidates for all four quality classes to enter multiple 
site evaluation (DVT) for the 2019 “wet” and “dry” seasons.

Staggering the sowing dates at Mackay has also enabled 
the identification of varietal types stable under extended 
monsoonal influences, which affect both grain yield and 
milling quality. This, together with the historical Mega-
data-set, has allowed inference to be drawn on the most 
appropriate combination of variety-type by season.  For 
example, “dry” season production with warmer finishes 
are more conducive for softer cooking texture varieties so 
YRL39 (SCLG) is a clear candidate.

Technical difficulties (highly conserved gene sequences) 
in the low-plex system utilised in our current molecular 
platform (DArT) haven’t aided selection for resistance 
gene for the five races of blast known to reside in the 
tropical north.  Currently a pilot through an alternative 
provider ('KASP' system) are being trialled as a pre-
emptive tool for selecting tolerance to both blast and 
bacterial leaf blight.

Aerial view of rice trials conducted at Mackay over the last summer/wet season. Netted early generation material in the 
foreground, while long-rows and replicated trials are uncovered in the background.

Over the last 12 months more than 586 panicle rows 
and 72 long-rows have been produced from Mackay, 
allowing the sowing of breeders lots for six up-and-
coming variety types in July 2019 “dry” season.  These 
include soft cooking long grains (YRL39, MSC17=03-
12 & MSC16n=08-12), fragrant long grain (YRF217), 
tropical medium grain (MKY16n=03-04) and low GI 
medium grain (YUA16=V30).  Plant Breeder’s Right Part 
1 has been granted for YRL39, with Part 2 imminent, 
more than three tonnes of breeder’s seed is available 
from RRAPL’s CY2019 season.
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Foliar diseases like brown spot are endemic to the northern regions and problematic for certain variety types 
such as medium grain varieties.

This project aims at developing a 
range of quality types which have 
established and lucrative market 
opportunities into rice varieties  
that are suited to tropical 
production under rain fed and 
aerobic conditions.
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Rice production in northern 
Australia will focus on specialty 
domestic and international 
markets, with high quality long 
grain and fragrant rice, which 
command premium prices, best 
suited to the region. 

Towards tropically – adapted rice 
varieties for northern Australia

Objectives

Rice has been commercially grown 
in northern Australia for more than 
30 years. However, large-scale
production ceased after 
devastation from cyclones and 
diseases caused quality issues in 
the marketplace. 

Now, with the backing of SunRice, and with 
growing export markets for premium rice 
products in Asia, there has never been a better 
time for a northern Australian based rice 
industry to re-establish and exploit these new 
opportunities. The release of new tropically 
adapted varieties is critical for the northern 
rice industry to succeed.

The objective of this project is to increase the scale 
of the northern Australia rice industry through the 
following advancements:

• Identifying improved farming systems and rice 
varieties to lift northern rice yields

• Improving the skills of rice growers and RD&E staff in 
northern Australia

• Identifying suitable grain characteristics to maximise 
market returns from northern-grown rice

• Maximising grower returns through post-harvest 
handling that is more cost effective and ensures 
grain quality.

 
 
Background

Rice production in northern Australia will focus on 
specialty domestic and international markets, with high 
quality long grain and fragrant rice, which command 
premium prices, best suited to the region. 

This will complement rice already grown in the Riverina 
region of New South Wales and help the rice Industry 
manage supply challenges and limit its overall exposure 
to risk due to climate and markets. Alongside the 
opportunities presented through a viable northern 
rice industry there are also considerable challenges to 
establishment and development.

These include:

• breeding and selection of suitable varieties that 
produce high yields of marketable rice

The Short Story

Russell Ford and
Peter McDonnell

SunRice

 
Project timeframe

2017-2020

 
PRJ-010763

Northern Australia Rice
Developing and building capacity

• understanding the nature of and controlling pests 
and diseases

• understanding agronomic issues

• the positioning of rice in the farming system and 
adoption of rice farming in northern Australia.

To address these challenges AgriFutures Australia 
has established a collaborative program of work 
focused on these challenges. This program will 
bring together SunRice, Rice Research Australia 
Limited (RRAPL), NSW Department of Primary 
Industries (NSW DPI), University of Queensland 
(UQ) and University of Southern Queensland (USQ) 
to meet these challenges through a coordinated 
and collaborative research effort. USQ will assist 
AgriFutures in addressing the challenges around 
pest and diseases, agronomy and farming systems fit 
and adoption. 

Research 

Objective A1 – Varietal Selection and Assessment

To enable RRPAL to achieve the objective A1 and 
identify four key varietal lines for the northern. 
Australian rice industry including:

1. Low Gl Medium Grain

2. Soft cooking Long Grain

3. Fragrant Long Grain

4. Tropical Medium Grain.

A number of replicated District Variety Trials (DVT) will 
be conducted to assess varietal agronomic properties 
such as growing habits and commercial suitability 
across several growing environments, growing regions 
and across both the wet and dry season.

To ensure appropriate seed material to meet the four 
key characteristics identified is available to the project 
collaborators, RRAPL will provide the co-ordination to 
assist the plant breeding activities being conducted 
within the Rice Breeding Partnership (RP2) and the 
grain quality assessments being conducted by external 
parties within the project group.

Objective A3 – Best Practice Agronomy

To enable RRPAL to achieve Objective A3, RRAPL will 
conduct agronomic trials on a number of sites across 
northern Australia to investigate Best Management 
Practice (BMP). 

Site selection will address fundamental agronomic 
factors that affect variety performance such as 
growing season, soil type, grower management 
practices including irrigation layout for potential 
and advance lines to deliver BMP guidelines for the 
following practices:

• Paddock selection and pre-crop management

• Seeding population rates by variety by season

• Variety specific nutrition

• Chemical management

• Irrigation management including irrigation 
scheduling techniques

• Harvest and post-harvest grain management.

There is also a very real need to generate chemical 
use patterns to assist with the chemical registration 
process for identified products. To facilitate this, 
RRAPL will gather chemical management practices 
across a number of farming systems to identify 
typical use patterns and efficacy.  

The 2019 Dry Season Nitrogen Trial and DVT at the Brandon Farm. 
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Objective A4 – Grower Adoption

To ensure a successful rice industry in northern 
Australia, grower adoption and engagement in the 
initial R&D phase is critical to success. To ensure grower 
buy-in and confidence in a long term industry there are 
a number of identified outputs required by this project 
to enable adoption including:

1. Variety based agronomy packaging

2. Clear demonstration of commercial benefits 
of adopting a rice based rotational system by 
providing economic analysis

3. Identifying suitable rice growing production 
areas based on soil properties and other key 
agronomic factors

4. Provide agronomic support by upskilling local 
agronomist and retail outlets with the adequate 
knowledge to provide outgoing agronomic advice 
and support to the grower base

5. High quality grower extension and communications 
including grower lead discussion, field days and 
publications.

In order to gauge success of the project, benchmarking 
grower practices and attitudes initially and then at the 
end of the projects is a core component of the grower 
adoption journey and demonstrate the efficacy of the 
project. To facilitate this, RRAPL will collect grower-
based data such as:

• Area under rice production

• Average yield in both seasons by region

• Common grower practices

• Grower attitude towards the rice industry. 

Objective A5 – Post Harvest

Post-harvest drying and storage in a tropical 
environment is a new challenge for Australian rice. A 
pilot trial of smaller on farm type drying alternatives 
will be evaluated as part of this project. RRAPL will 
purchase (if capital permits) an aerated grain silo as 
advised in consultation with grain drying experts that 
will allow short term grain drying and storage before 
transport to the central processing site.

Towards tropically - adapted rice  
varieties for northern Australia

Outcomes

During the project the establishment of DVTs has led to 
the trialling of a second commercial variety which has 
soft cooking attributes more suited to market availability. 
There have also been three varieties fitting the strategic 
alignment for North Queensland identified and which are 
now set for rapid seed increase during the Spring of 2019. 
The release of new tropically adapted varieties is critical 
for the Northern Rice industry to succeed.

The identification of nutrient management protocols has 
been a high priority for the project team and results to 
date have helped to manage form stronger agronomic 
guidelines for north Queensland growers.

Storage and management of paddy is critical to avoid 
grain deterioration after harvest and the project has 
assisted in developing guideline for growers and millers. 
During the life of the project, significant changes to post 
harvest management have been implemented by Sunrice 
to avoid losses to the growers and the miller.
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A well-attended field day as part of the project. Grower 
adoption and engagement in the initial R&D phase is critical to 
ensure a successful rice industry in northern Australia.
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Northern Rice Australia -
Developing Rice Growing
Packages for Tropical
Northern Australia

Growing practices research sets northern 
Australia up for Asian market access

Objectives

There has never been a better 
time for a northern Australian-
based rice industry to re-establish 
and leverage new opportunities 
in growing export markets for 
premium rice products in Asia.  

Rice production in northern Australia will 
focus on supplying high quality long grain 
and fragrant rice which command premium 
prices to specialty domestic and international 
markets. This will complement rice already 
grown in the Riverina region of New South 
Wales and help the rice industry manage supply 
challenges and limit its overall exposure to risk 
due to climate and markets.

Rice producers in northern Australia have faced 
numerous challenges and some have significantly 
impacted on yield and quality. This project addresses 
issues in rice diseases and rice agronomy in the north. 
 
 
Disease management

This research will address knowledge gaps in disease 
management, including:

• Understanding the nature of rice diseases in 
northern Australia

• Screening for disease resistance at pre-breeding 
stage and rating varietal trial sites for resistance

• Identifying management solutions at a paddock 
level, including ensuring access to treatment 
options through required data gathering for 
chemical registration

• Building capacity in rice plant pathology.

Nutrition irrigation and modelling

The conduct of agronomic trials on a number of sites across 
northern Australia will aim to investigate Best Management 
Practice (BMP) for rice. The milestones will address:

• Variety specific nutrition

• Irrigation management and scheduling

• Development of APSIM models.

Rice has been commercially 
grown in northern Australia for 
more than 30 years. However, 
large-scale production ceased 
after devastation from cyclones 
and diseases caused quality 
issues in the marketplace.
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Production challenges in northern Australia

Rice has been commercially grown in northern Australia 
for more than 30 years. However, large-scale production 
ceased after devastation from cyclones and diseases 
caused quality issues in the marketplace. Now with 
growing export markets for premium rice products in 
Asia, there has never been a better time for a northern 
Australian based rice industry to re-establish and exploit 
these new opportunities. Alongside the opportunities 
presented through a viable northern rice industry there 
are also considerable challenges to establishment and 
development. These include:

• Breeding and selection of suitable varieties that 
produce high yields of marketable rice

• Understanding the nature of and controlling pests 
and diseases

• Understanding agronomic issues

• The positioning of rice in the farming system and 
adoption of rice farming in northern Australia.

Research

Field experiments investigating nitrogen nutrition 
and plant population during the dry season were 
successfully completed in collaboration with SunRice. 
Glasshouse experiments investigating the response 
to phosphorus, potassium and sulfur fertilisers and 
response to water deficit have also been conducted. 

Environmental impact modelling is progressing with 
the APSIM-Oryza model and a prototype interface for 
presenting the modelling results is being developed. 
Modelling to determine optimal sowing windows and 
fertiliser practices is also ongoing. 

USQ continued to offer diagnostic support to growers 
and agronomists processing eight samples and 
identifying seedling blight, brown spot and dirty-panicle 
from January to May 2019.

Laboratory assays to test for fungicide resistance in 
Pyricularia oryzae have tested two of four fungicides, 
Amistar 250 SC®, currently labelled for use, and Amistar 
Top®, not yet labelled for use.

Four cultivars from NSW Department of Primary 
Industries (NSW DPI) are currently being raised in USQ 
glasshouse facilities for screening against blast to check 
for resistance.

PhD scholar Peter Buyoyu conducted identification and 
characterisation of bacterial pathogens isolated from 
the plants showing symptoms of sheath rot, panicle 
sterility and grain discolouration.

Agronomist Tony Matchett (left) Savannah Ag Consulting and Assoc Prof Adam Sparks (right) USQ inspecting  
rice crops at DAF Queensland Walkamin Research Station, Mareeba, Qld. 

Outcomes, issues and recommendations

Key findings made so far from the nutrition, 
irrigation management and environmental impact 
modelling activities are:

• In the dry season the best nitrogen split strategy 
is 80% upfront with a 20% top dressing.

• The dry season the best N fertiliser application 
rate was 250 kg N/ha. Increasing plant 
population had no benefit to yield. 

• Critical soil test values have been defined.

• The cultivar YRL39 is resilient to water deficit 
stress during the vegetative growth stage but 
not during subsequent growth stages. 

• Optimal sowing dates for Walkamin is the 15 
of November while the optimal sowing dates at 
Brandon range from mid to late February. 

No blast was diagnosed or observed to date during 
the current wet season. Significant diseases 
identified during 2019 wet season are narrow brown 
spot, caused by the fungus Cercospora oryzae, which 
is considered a minor disease, and brown spot, 
caused by the fungus Cochliobolus miyabeanus, 
which can be a devastating disease, but proper 
water management, maintaining appropriate 
plant nutrition and ensuring seed health and crop 
sanitation can prevent it. 

Contact
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Seedling blight, caused by a complex of fungal 
pathogens including, Curvularia lunata, Rhizoctonia 
solani, and several Fusarium, and Alternaria brown 
spot (Stackburn disease) were also observed. No 
major changes to disease management strategies are 
recommended at this point.
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Rice, Mareeba, PF, leopard spots on leaves – hypersensitive responce to an infection by Magnaporthe. 

Field experiments investigating 
nitrogen nutrition and plant 
population during the dry season 
were successfully completed in 
collaboration with SunRice.
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Northern Australia Rice -
Developing High Quality Rice
for Northern Australia

 
Project timeframe

2017-2020

Developing high quality rice for  
northern Australia

Objectives

The Australian rice industry is 
developing areas of northern 
Australia to diversify the suite of 
varietal options and as a mechanism 
to protect the industry against 
climate variability such as long 
droughts and monsoons.   

Growing rice in a tropical environment is different 
to growing it in a temperate environment, and 
these factors impact on the quality of the rice.   
It is therefore important to conduct multi-
location trials to ensure that the quality of grains 
is comparable from trials in different locations. 

• To provide varietal assessment of rice grown in 
northern Australia.

• Determine the sensory properties of main rice 
varities targeted.

• Report on quality evaluation data for rice grown 
in northern Australia.

• Reports on sensory preference data for rice 
grown in northern Australia.

• Assist with determining most likely varieties for 
commercial release.

• Report on reproducibility of quality evaluation.

• Report on selection tools for indole and 2AP.

 
 
UQ’s rice research track record

The University of Queensland (UQ) has significant 
expertise in research and quality evaluation of rice.  
The group has worked in rice quality for many years, 
and engaged with the Australian rice industry. 

In former projects, we have discovered new 
compounds of aroma that come from rice grains 
during cooking. We have identified candidate genes 
for these, and potential populations that would 
enable us to discover the exact gene and then apply 
that knowledge to develop markers for breeding 
programs to use.  

This research uses equipment 
for quality evaluation such as  
the Qsorter, to measure the 
physical quality of grains, and 
to sort the grains into different 
classes of quality. 

Research

• This research uses equipment for quality evaluation 
such as the Qsorter, to measure the physical quality 
of grains, and to sort the grains into different classes 
of quality. Researcher then use several instruments 
to predict the cooking and sensory quality of the rice. 

• They explore differences in quality by using more 
research-focussed equipment to investigate starch 
structure, protein content, aromatic compounds 
and other small compounds in the grain. These 
compounds are detected on a range of metabolomic 
profiling platforms.  

• For the genotyping work, they use sequence 
different parts of the genome and develop potential 
markers of genetic areas that lead to either elevated 
fragrance, or the synthesis of other unpleasant 
compounds. Researchers hope to test these markers 
on a population ideally suited for testing.

Outcomes

The quality of rice grown in the three different areas of 
north Queensland differs. Figure 1 shows the Rapid Visco 
Analyser (RVA) test using three replicates, grown at three 
different locations for one variety. 

YRL39 is one of the varieties being tested for potential 
release.  Figure 1 shows that the shape of the curve 
generated from the grains from Brandon and Walkamin 
look similar, but from Mackay, the peak is between 
the two others, and the final visocity aligns with that 
from Walkamin.  The data indicates the grains swell 
more from Brandon, indicating that they take up more 
water than from the other two areas, and that the rice 
from Mackay is different from that from the other two 
locations. This difference occurs across all the varieties.

Researchers are investigating these differences further.
UQ researchers have also identified some differences in 
protein content, and this may explain the swelling issues. 
For the genotyping work, they identified two candidate 
loci for the elevated 2AP and indole production. These 
have been tested in small sample sets, and potential 
markers developed. Before delivery of these markers, 
they must be validated in a larger population. 

Implications

Further work is required to understand the factors driving 
the differences in quality from Mackay, Brandon and 
Walkamin, and to further develop the markers for 2AP and 
indole.  Five UQ students have been assigned to work on 
the samples and to do some research into the reasons for 
quality differences.
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Quality evaluation of rice grown in northern Queensland. 
Physical assessment using Qsorter (top photo), analysis of 
odour-important compounds using two-dimensional gas 
chromatography (middle), and cooking properties using rapid 
visco analyser (bottom).
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