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Chairman’s report

Professor Tim Reeves

The Primary Industries Climate Challenges Centre (PICCC) has completed a year 

of strong consolidation, whilst also evolving to adapt to changes in its operating 

environment. PICCC’s primary roles are to facilitate and coordinate interaction and 

collaboration between scientists in its two partner organisations, and to facilitate 

and encourage effective collaboration with other institutions in Australia and 

overseas. The principal aims of these collaborations are to help our primary 

producers and their communities meet the challenges, and where possible 

seize the opportunities, presented by our changing climate. 

The growing importance of coordinating, integrating and focusing research, 

development and education capacity around climate challenges for agriculture has 

only been further underscored by the recent Intergovernmental Panel on Climate 

Change Fifth Assessment Report. This report emphasises that warming of the 

climate system is unequivocal, with the observed changes unprecedented over 

decades to millennia. Each of the last three decades has been successively 

warmer at the earth’s surface than any decade since records commenced. 

In addition, methane and nitrous oxide are now 1774 parts per billion 

and 326 parts per billion in the atmosphere, respectively. This exceeds their 

pre-industrial levels by about 150% and 20%, respectively, as well as their 

highest concentrations during the past 800,000 years. Not only will agriculture 

be profoundly affected by changes in climate, but it is the main source of both 

these greenhouse gases, highlighting the imperative for balancing mitigation 

and adaptation for the future of the agricultural industries.

In Australia, public investment in agricultural research, development and extension 

(RDE) has been further eroded in the past year with signifi cant reductions in 

capacity occurring across many parts of the country. Whilst increased investment 

in RDE by the private sector has helped to offset some public sector reductions 

— for example, in crop breeding and crop agronomy — this is certainly not the case 

for research on adaptation of farming systems to a more variable and changing 

climate, or indeed for our extensive livestock industries. Well-coordinated, larger 

co-investment partnerships based on longer term RDE are now critical in tackling 

the complex and important challenges associated with enhancing the profi tability, 

productivity and sustainability of our agricultural industries. The primary role of 

PICCC — to facilitate such coordination and integration, nationally and globally — 

is therefore becoming increasingly important in this rapidly changing operating 

environment.

A particularly pleasing aspect of PICCC’s activities in 2012–13 was the increased 

emphasis on education and training. Apart from awarding two top-up scholarships 

this year, PICCC continues to coordinate the Postgraduate Certifi cate in Climate 

Change for the Primary Industries. As a result of this course, PICCC secured a 

contract this year to provide training in carbon farming to more than 100 extension 

providers. The program explored new ground for the University of Melbourne, 

with the course content delivered mostly through online learning. 
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Enhanced education, training and communication will be of even greater 

importance in the coming years, as we seek to equip our farmers and their 

advisors with the best information and tools to help mitigate and effectively 

adapt farming systems to the impacts of climate change.

As I write this report I am in the process of preparing, in my personal capacity, 

for some further work with the Food and Agriculture Organization of the 

United Nations, on ‘Save and Grow — Sustainable Production Intensifi cation in 

Agriculture’. This major global campaign recognises the stark reality of humankind’s 

greatest challenge over the coming decades — to eliminate hunger, improve rural 

livelihoods and ensure sustainability in agricultural production. A more variable and 

changing climate will only add further complexity and uncertainty to this task of 

doubling global food production with less land and water, and the necessity of 

much greater use–effi ciency of both natural and external inputs. PICCC’s work 

will be critical in helping Australian farmers to contribute to regional and global 

food security and in so doing, enhance their own profi tability, productivity and 

sustainability.

Finally, I commend PICCC’s Director, Associate Professor Richard Eckard, and the 

dedicated researchers in the Department of Environment and Primary Industries 

Victoria and the University of Melbourne for their excellent work during the past 

year. However, the challenges posed by our variable and changing climate will 

only become increasingly complex, so renewed efforts and greater innovation 

will be critical to success in the coming year and beyond. PICCC will play its part 

by continuing to build effective research partnerships focused on the benefi cial 

outcomes required by our primary industries.

Professor Timothy G. Reeves FTSE

Independent Chair, PICCC Board of Management 

Chairman’s report



PICCC ANNUAL REPORT 2012/2013 3

The past 12 months have seen PICCC consolidate its position as a national leader 

in research and education in climate challenges and the primary industries. While 

some projects have concluded, a number of new research projects have been 

added to the PICCC portfolio this year. They cover research in a range of areas 

including soil carbon, enteric methane, nitrous oxide, elevated carbon dioxide and 

whole farm systems analysis. The majority of these projects are collaborations with 

other research agencies — both national and international — and funding has been 

received from a range of sources.

Excellent examples of new and strengthened national and international 

collaborations achieved by PICCC during 2012–13 include:

• The methane project, in which PICCC researchers are collaborating with other 

scientists in all mainland states, sharing samples and centralising analyses. The 

team have also established international links by contributing to four chapters 

for a standard reference manual on the sulphur hexafl uoride methodology, 

coordinated by the Global Research Alliance on Agricultural Greenhouse Gases. 

• The dairy nitrous oxide project, which was successful in the New Zealand 

Fund for Global Partnerships in Livestock Emissions, linking PICCC research 

with similar teams in New Zealand and Ireland. 

• A PICCC facilitated submission of a proposal to the Joint Programming 

Initiative on Agriculture, Food Security and Climate Change, in their multi-partner 

call on agricultural greenhouse gas research. The project proposes to investigate 

milk urea nitrogen as a greenhouse gas mitigation tool for the global dairy 

industry. 

PICCC has also increased the number of publications from its projects, with the 

majority submitting one or more peer reviewed papers and a signifi cant number 

of conference papers in the past year. The 2013 International Greenhouse Gas and 

Animal Agriculture Conference (GGAA) in Ireland provided a good indication of our 

publication and research strength, with 17 papers presented on PICCC research 

at the event. In addition, PICCC was selected to chair the organising committee 

of the next GGAA, to be held in Melbourne in 2016. 

PICCC’s education portfolio has expanded over the past year, with both a top-up 

and operating scholarship awarded to postgraduate students working on PICCC 

projects. The Postgraduate Certifi cate in Climate Change for the Primary Industries 

is now in its fourth year with 16 students in the current intake. PICCC’s expertise 

and track record in delivering climate change and carbon farming training secured 

it a new contract with the federal Department of Agriculture to provide an online 

training program for extension offi cers funded under the Carbon Farming Futures 

Extension and Outreach program. The project has seen PICCC deliver an ePortal 

which hosts a Resources Centre and eLearning course. Around 100 trainees have 

now completed the online course. 

Director’s report

Associate Professor 

Richard Eckard
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Agriculture faces an unprecedented confl uence of pressures: a rise in global 

food demand, limited arable land, climate impacts, a carbon constrained future. 

Research and education programs on these pressures as they relate to food 

production are core to the purpose of PICCC. For the Centre’s research to make 

its full impact PICCC will be working to ensure that it is published both in popular 

and peer-reviewed form; communicated to industry through industry conferences 

and fi eld days; and incorporated into ongoing education packages. 

Associate Professor Richard Eckard

PICCC Director

Director’s report
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Background

PICCC was established in February 2011 by its foundation partners, the 

Department of Environment and Primary Industries Victoria and the University 

of Melbourne.

PICCC facilitates staff from its core partners and beyond to develop collaborative 

research and education projects on the climate challenges facing agriculture in 

south eastern Australia, including climate change, climate extremes, and food 

and fi bre production in a carbon constrained world. 

PICCC research covers mitigation of methane and nitrous oxide, carbon 

sequestration, climate change adaptation and coping with extreme events, 

and the interaction between each of these processes as they relate to food 

production.

The partnership aims to maximise research collaboration and improve the 

utilisation of capability, expertise and infrastructure. It also seeks to minimise 

both duplication of research effort and ineffi ciencies in funding. Most importantly, 

PICCC promotes a coordinated approach to the planning and implementation of 

research, to make research outcomes more relevant to farmers, industry, policy 

makers and the broader community.

Current operating environment

The operating environment for PICCC has changed since its inception, with 

priorities for both state and federal governments having altered signifi cantly. 

Improving productivity is now the primary goal for research funding, with climate 

challenges only in scope where productivity improvements can be achieved or 

losses avoided. PICCC will need to respond to this by ensuring that its projects 

match these changed priorities. 

The new federal government is yet to announce any further research priorities  

specifi c to climate change and the primary industries. PICCC therefore needs to 

continue exploring all appropriate local and international research opportunities. 

Potential national funding sources include the rural research and development 

corporations and Australian Research Council linkage grants. Where projects 

have a clear focus on climate change adaptation and mitigation, international 

funding sources will need to be explored, for example through the Global 

Research Alliance on Agricultural Greenhouse Gases and the United Nations 

Food and Agriculture Organization. 

The Primary Industries 
Climate Challenges Centre
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Personnel

BOARD OF MANAGEMENT

Professor Tim Reeves, Independent PICCC Chair

Professor Rick Roush, Dean, Melbourne School of Land and Environment, 

University of Melbourne

Professor Snow Barlow*, Chair, Food Production Horticulture, Melbourne 

School of Land and Environment, University of Melbourne

Dr Ron Prestidge, Executive Director, Future Farming Systems Research 

Division, Department of Environment and Primary Industries Victoria

Ms Angela Avery, Research Director — Agricultural Resources, Future 

Farming Systems Research Division, Department of Environment and Primary 

Industries Victoria

*  Professor Snow Barlow retired from the PICCC Board at the end of June 2013, and has been replaced by 

Professor Iven Mareels, Dean, Melbourne School of Engineering, University of Melbourne.

STAFF

Associate Professor Richard Eckard, PICCC Director 

Dr Lauren Hull, Communications Coordinator

Mrs Teena Sullivan, Executive Offi cer

Ms Tracey Cromby, Executive Assistant

The Primary Industries 
Climate Challenges Centre

A fi eld site in the nitrous 

oxide project investigating 

emissions management 

in high rainfall cropping 

systems.
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The Primary Industries 
Climate Challenges Centre

RESEARCH EXECUTIVE

Associate Professor Richard Eckard, PICCC Director, Melbourne School 

of Land and Environment, University of Melbourne

Mr Graeme Anderson, Senior Specialist — Climate, Farm Services 

Victoria Division, Department of Environment and Primary Industries Victoria

Associate Professor Stefan Arndt, Director — Burnley Campus, Melbourne 

School of Land and Environment, University of Melbourne

Ms Angela Avery, Research Director — Agricultural Resources, Future 

Farming Systems Research Division, Department of Environment and 

Primary Industries Victoria

Professor Deli Chen, Associate Dean — International, Melbourne School 

of Land and Environment, University of Melbourne

Associate Professor Rebecca Ford, Reader and Associate Dean — 

Research, Melbourne School of Land and Environment, University of Melbourne

Professor Ary Hoffmann, Australian Research Council Laureate Fellow, 

Faculty of Science, University of Melbourne

Mr David Marland, Key Project Manager — Responding to Climate Challenges, 

Future Farming Systems Research Division, Department of Environment and 

Primary Industries Victoria

Professor German Spangenberg, Executive Director, Biosciences Research 

Division, Department of Environment and Primary Industries Victoria

Professor Andrew Western, Deputy Head — Department of Infrastructure 

Engineering, Melbourne School of Engineering, University of Melbourne
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Core partners

The core partners in PICCC are the Department of Environment and Primary 

Industries Victoria (DEPI), and the Melbourne School of Land and Environment 

(MSLE), the Melbourne School of Engineering, the Faculty of Science and the 

Melbourne Sustainable Society Institute at the University of Melbourne (UM).

DEPI and UM are both recognised nationally for their capacity in climate challenges 

and primary industries research, development and extension. The research led by 

PICCC creates a signifi cant portfolio of projects managed by both partners across 

the breadth of the climate and primary industries domain.

DEPI designs and delivers government policies and programs that enable Victoria’s 

primary and energy industries to improve the Victorian regional economy through 

increasing agricultural productivity for Victorian farmers. The intersection of climate 

challenges and carbon farming with these productivity goals is where PICCC helps 

meet the objectives of DEPI. 

Researchers from UM are actively engaged in meeting the challenge of a changing 

climate through various faculties and an array of initiatives. PICCC is hosted by the 

MSLE but works with a number of other schools and initiatives at the University.

While the core partners are based in Victoria, PICCC seeks to broaden its 

partnerships and collaborations to other research providers with similar objectives 

both nationally and internationally.

The Primary Industries 
Climate Challenges Centre
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PICCC research projects

The projects aligned with PICCC are collaborative investments led by 

researchers from either or both of PICCC’s core partners, the DEPI and 

UM. Many of the current projects have been developed through PICCC’s 

coordinated approach to funding submissions, with staff actively working 

to identify opportunities and gaps, link researchers, share resources and 

minimise duplication. 

The facilitation offered by PICCC encourages research collaborations that 

leverage off the signifi cant research capacity and resources in both 

organisations, maximising the strength of project applications.

PICCC’s projects fall under fi ve overarching research themes: 

adaptation, enteric methane, modelling, nitrous oxide 

and soil carbon. Over the past 12 months a number 

of new PICCC projects have started. The aims 

and research progress of each of these 

studies are detailed in the following 

pages.
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The Australian Grains Free Air 
Carbon dioxide Enrichment program

JULY 2011 — JUNE 2014 (PHASE II)

The Australian Grains Free Air Carbon dioxide Enrichment (AGFACE) facility is one 

of seven crop FACE sites internationally. It is an ‘outdoor laboratory’ investigating 

the effects of elevated atmospheric carbon dioxide (CO2) on wheat, pulses and 

oil seed crops under fi eld conditions. 

The research aims to identify adaptation options for crop production in a higher 

CO2 environment, including breeding, agronomic and nutrient management 

strategies. Led by Glenn Fitzgerald (DEPI) and Michael Tausz (UM), the various 

AGFACE projects examine crop physiology and production under elevated 

CO2 (eCO2) conditions.

One component of the program is looking to identify crop traits 

that will enable plants to adapt to eCO2. The studies have shown 

that transpiration effi ciency in wheat improved at eCO2, and 

a cultivar selected for improved transpiration effi ciency had 

an additional yield advantage under eCO2 which was not 

evident under current CO2 levels. This result suggests 

that selection for transpiration effi ciency under eCO2 

will provide an even larger gain than under current 

atmospheric concentrations, making it an 

important adaptation strategy.

In contrast, AGFACE studies of eCO2 

effects on grain chemical composition 

showed a decrease of 2–7% in wheat 

grain protein and up to 10% in iron 

and zinc concentrations — a fi nding 

that could have implications for 

both grain quality and human 

health under future climates.

ADAPTATION

Scientist Joe Panozzo at the AGFACE 

fi eld site with the CO2 controller and 

anemometer, which allow the central 

CO2 concentration to be maintained 

at the target 550 ppm.
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The AGFACE site also includes the SoilFACE facility, where below-ground root 

and nutrient processes are being examined to quantify the interactions between 

future climates and Australia’s major grain-producing soils. Soil experiments 

to date have indicated that increased above- and below-ground crop biomass 

requires more nitrogen and phosphorus inputs for crops to take advantage of 

the ‘CO2 fertilisation’ effect. SoilFACE studies showing that addition of non-legume 

crop residue may result in nitrogen immobilisation to the subsequent crop suggest 

that legumes may become more important in future cropping systems to supply 

nitrogen to succeeding cereal crops.

A new series of AGFACE studies is examining nitrogen and water use traits 

of various wheat, pulse and oil seed lines at eCO2, while plants are subjected to 

drought and heat stress events. This component aims to build an understanding 

of how traits purported to increase resource use effi ciency can help improve 

resilience to an increasingly variable climate under eCO2.

Crossing the threshold: adaptation tipping points 
for Australian fruit trees

JULY 2013 — JUNE 2016

Fruit tree orchards are particularly vulnerable to climate change, with changes 

likely to affect the variables on which orchard productivity is reliant, such as 

cold winter temperatures and extreme summer heat. In order to best prepare 

for climate change, the fruit tree industry needs targeted information on likely 

climate impacts and suitable adaptive management options. 

The research team, led by Sigfredo Fuentes (UM), will collate fi eld information 

on key physiological phases of fruit trees across the major growing regions of 

Australia, in order to establish baseline data against which impacts and adaptation 

can be evaluated. Physiological data sets will be used to evaluate lead 

times until key physiological thresholds (or tipping points) are 

crossed under future climates, as well as the effi cacy 

of adaptation options in managing these impacts.

The research will increase the Australian fruit 

tree industry’s preparedness for climate 

change, providing region-specifi c 

information on the lead times 

available to implement 

adaptive management 

strategies that moderate 

anticipated climate 

change impacts.

ADAPTATION
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Southern slopes climate change adaptation 
research partnership

JANUARY 2013 — DECEMBER 2016 

This project is part of a national program in which research teams are collaborating 

with regional natural resource management (NRM) organisations to deliver climate 

change information and provide guidance on the effective use of that information 

in NRM planning processes.

Led by Rohan Nelson (University of Tasmania) in collaboration with Rod Keenan 

(UM), and Graeme Anderson (DEPI), a team of researchers and knowledge 

brokers are working with NRM organisations along coastal south eastern 

Australia (Tasmania, Victoria and New South Wales) to identify and refi ne needs 

for climate change planning applications and tools. This could include provision 

of data regarding projected shifts in vulnerable species’ distributions, mapping 

of projected fl ood levels or development of targeted climate change adaptation 

training packages, among with other information. Based on identifi ed needs, the 

project will deliver regionally relevant climate applications and tools that incorporate 

up-to-date climate change projections at appropriate scales and formats. 

The project aims to promote the sharing of information and key 

adaptation lessons across regions and jurisdictions, 

and will assist organisations to develop the 

capacity to apply climate impacts 

and adaptation information in 

planning processes.

ADAPTATION
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Enteric methane mitigation strategies through manipulation of 
feeding systems for ruminant production in southern Australia

JULY 2012 — JUNE 2015

Building on previous dietary supplement research led by PICCC, this study is 

focused on a range of novel supplements and forages that contain compounds 

reported to mitigate methane production from sheep and cattle. The team, 

led by Joe Jacobs (DEPI) and Brian Leury (UM), are quantifying the impacts 

on both methane emissions and animal production of various supplements, 

forages and pre-treatment techniques for cereal-based grains.

In vitro studies with pasture harvested over winter, spring and summer have 

shown that the species of pasture has a greater infl uence on the amount of 

methane gas produced than the time of pasture harvest. Methane production 

also refl ected differences in nutrient availability, with maximum gas produced in 

forages containing more fermentable organic matter. Treatment of wheat grain 

with BioProtect reduced the rate of gas production, with eight litres per tonne 

found to be the optimum dose rate.

In vivo studies have shown a linear decrease in methane emissions from dairy 

cattle when fed greater amounts of wheat as a feed supplement, along with 

a linear increase in milk yield. This fi nding suggests that the current Australian 

National Greenhouse Gas Inventory may substantially overestimate emissions 

from some sectors of the dairy and beef feedlot industries.

Other supplements under investigation include almond hulls, citrus pulp and 

grape marc, along with forages such as chicory, plantain and brassica crops.

ENTERIC METHANE

Crushed wheat
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Whole farm systems analysis of greenhouse gas abatement 
options for the southern Australian grazing industries

JULY 2012 — JUNE 2015

Researchers are using whole farm systems analysis to evaluate options for 

reducing methane and nitrous oxide emissions, and increasing carbon storage in 

the landscape. Led by Richard Eckard (PICCC), Christie Ho (DEPI) and Richard 

Rawnsley (Tasmanian Institute of Agriculture), the study is exploring potential 

abatement strategies in the areas of herd and breeding management, diet 

manipulation, changes in feed base, and carbon sequestration in trees and soil.

The models and tools in use simulate dairy, sheep and beef grazing systems 

across Australia, and consider all carbon and nitrogen sources and sinks, the 

productivity and profi tability impacts of abatement strategies, and their interactions. 

The study is exploring more effi cient beef, sheep and dairy systems, including 

higher fertility, earlier mating and weaning, extended lactation, replacement 

rates and longevity. Dietary interventions being modelled include feeding 

tannins, oils, nitrates and improved pastures. The carbon sequestration 

studies are exploring the system-wide impacts of taking land out of 

production to plant trees, and of converting cropping land to pasture. 

The data generated are being used to develop the Carbon Offset 

Scenario Tool that will enable users to calculate emissions from 

various production systems. The outcomes from the project 

will be a series of biophysically and economically evaluated 

options that will enable development of Carbon Farming 

Initiative methodologies, reductions in farm emissions 

intensity or improvements in farm profi tability.

MODELLING 
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Facilitation of improvement in systems modelling capacity 
for Carbon Farming Futures

JUNE 2012 — MAY 2015

This and the previous project are part of a series of modelling projects being 

conducted as part of the federal Filling the Research Gap (FtRG) program, 

in which research activities are spread across different models and land uses. 

The large number of FtRG projects poses the risk that new model  equations and 

new ways of carrying out modelling analyses will not be communicated in a timely 

fashion, so slowing the rate of scientifi c progress at the program level. This project 

will ensure that models are developed and applied consistently across FtRG 

projects, and that they embody the best scientifi c understanding of methane, 

nitrous oxide and soil carbon fl uxes. 

Project managers Andrew Moore (CSIRO), Richard Eckard (PICCC), Deli Chen 

(UM) and Peter Grace (Queensland University of Technology) will lead a series 

of workshops and comparative studies linking process- and system-oriented 

modelling projects to encourage faster and more consistent uptake of new 

process equations, as well as improved research capacity. 

Project activities will contribute to closing a number 

of research gaps, most importantly improving 

understanding of the interactions between 

carbon and nitrogen and their infl uence 

on productivity and greenhouse 

gas emissions.

MODELLING 
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Reducing nitrous oxide emissions from applied nitrogen 
with nitrifi cation inhibitors: identifi cation of the key drivers 
of performance

JULY 2012 — JUNE 2015

Nitrifi cation inhibitors show great potential to reduce nitrous oxide emissions, 

however their effectiveness across different soils, crops and climates is poorly 

understood. Deli Chen and Helen Suter (UM) are undertaking a series of 

laboratory, fi eld and modelling studies to determine the conditions under 

which inhibitors are likely to be most effective.

The study will explore the effects of different soil types, climatic factors 

(temperature and moisture) and fertiliser rates on nitrogen loss and inhibitor 

effi cacy. The modelling component will develop and refi ne models that simulate 

the effect of nitrifi cation inhibitors under various soil and climatic conditions. 

Mitigation of indirect greenhouse gases in intensive 
agricultural production systems with the use of inhibitors

JULY 2012 — JUNE 2015

Despite research showing good potential in the use of nitrifi cation inhibitors to 

reduce greenhouse gas emissions from fertiliser use, there have been few studies 

into how indirect emissions are affected by inhibitor use. This second nitrous oxide 

project led by Helen Suter and Deli Chen (UM) is investigating the impact of 

urease and nitrifi cation inhibitors on ammonia volatilisation and nitrate leaching 

resulting from nitrogen application.

In a series of fi eld studies in dairy and vegetable production systems, researchers 

are measuring nitrous oxide, ammonia and nitrate loss from inhibitor-

amended fertilisers and manures. The data will be used 

to establish mitigation strategies that reduce 

indirect nitrous oxide emissions and 

improve nitrogen use effi ciency.

NITROUS OXIDE

Manual gas chambers 

for measuring emissions at the 

vegetable fi eld site, as part of the 

study of indirect greenhouse gas emissions.
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Improving nitrous oxide abatement in high rainfall 
cropping systems

JULY 2012 — JUNE 2015

Previous PICCC research has shown exceptionally high nitrous oxide emissions 

from soils in western Victoria when land is converted from pasture to cropping. 

Conversion to grain production releases large quantities of stored soil nitrogen 

and carbon for crop use, but also results in loss of nitrogen as nitrous oxide.

The research team, led by Rob Harris (DEPI) and Helen Suter (UM), are 

evaluating different management and fertiliser strategies for avoiding excess 

nitrogen inputs and reducing emissions following pasture conversion. Strategies 

under investigation include varying the rate and timing of nitrogen application, 

the use of inhibitor-coated fertiliser, catch cropping and varying the timing of 

pasture conversion. 

The emissions data collected will improve understanding of the conditions and 

soil types under which nitrous oxide loss is likely to be signifi cant in the high 

rainfall cropping zone. 

The use of inhibitors to improve nitrogen cycling and reduce 
nitrous oxide losses from intensively grazed pasture systems

JULY 2012 — JUNE 2013 

A signifi cant amount of the nitrous oxide emitted from agricultural soils stems 

from direct emissions from animal production — principally via urine and manure 

excreted onto pasture. PICCC researchers, led by Kevin Kelly (DEPI) and Richard 

Eckard (PICCC), are investigating the impact of nitrogen fertiliser management and 

nitrifi cation inhibitors on nitrous oxide losses, pasture production and nitrogen use 

effi ciency in dairy systems.

The project builds on an earlier PICCC project, which showed 35–45% reductions 

in direct emissions from urine patches through the application of a nitrifi cation 

inhibitor. The study will explore the use of inhibitor products to reduce emissions 

from various nitrogen sources within dairy production systems. 

NITROUS OXIDE
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Increasing soil carbon in eastern Australian farming systems: 
linking management, nitrogen and productivity

JULY 2012 — JUNE 2015

Building on the PICCC-led Victorian Soil Carbon Project, this project is measuring 

the effectiveness of a range of farm management practices for increasing 

soil carbon in cropping and pasture systems across eastern Australia.

Fiona Robertson (DEPI) and her research team are focusing 

on practices that enhance carbon input and permanence 

in key agricultural soil types and climatic zones across 

Queensland, New South Wales and Victoria. 

The study is assessing practices that previous 

research or farmer experience suggest may 

have the potential to sequester carbon in 

soil, including pastures in crop rotations, 

alternative residue management and 

alternative grazing systems. The data 

will be used to validate simulation 

models and enable extrapolation 

of the experimental fi ndings 

across eastern Australia.

SOIL CARBON
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As a means of improving research capacity, PICCC offers a number of 

development opportunities including short courses, a postgraduate certifi cate 

course, postgraduate research supervision and scholarships. PICCC has also 

been contracted by the federal government to deliver carbon farming training 

and development services as part of the Carbon Farming Futures Extension 

and Outreach program.

Postgraduate scholarships and students 

PICCC has awarded two scholarships in 2013 to students undertaking graduate 

research at the University of Melbourne.

Masters student Allene Macabuhay received a PICCC top-up scholarship to help 

fund her work in the AGFACE program. Allene is conducting a study on wheat 

traits that enable best performance under elevated CO2 in a dryland cropping 

environment. Her work will have a particular focus on response to extreme heat 

events under elevated atmospheric CO2 conditions.

PhD student Rui Liu was awarded a PICCC operating grant to support her studies 

with the PICCC nitrous oxide program. Rui is investigating the effect of soil type 

and environmental variables on nitrous oxide leakage from nitrifi cation in soils. 

Her work will have signifi cant implications on the improvement of nitrous oxide 

simulation models, emissions and mitigation strategies as well as future nitrogen 

management options in response to climate change. 

Both students are supervised by researchers from the University of Melbourne’s 

School of Land and Environment, with co-supervision from DEPI scientists.

PICCC research projects also support a number of other postgraduate 

students enrolled in research degrees at the University of Melbourne. Many 

are co-supervised and have close links with researchers from the DEPI, with 

some being co-located with DEPI in regional areas.

Student research projects cover a broad range of topics, 

including research under the key PICCC themes 

of enteric methane and nitrous oxide 

mitigation, climate and emissions 

management modelling, and 

plant adaptation to 

elevated CO2.

Education and training
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Education and training

Postgraduate Certifi cate in Climate Change 
for the Primary Industries

The Postgraduate Certifi cate in Climate Change for the Primary Industries is 

a collaborative offering between the DEPI and UM. It is now in its fourth year, 

with 16 new students beginning the program in June 2013. This year represents 

the fi rst cohort of students beyond the initial three-year contracted delivery for 

DEPI, indicating broader and sustained demand for the course.

The professional development program aims to improve understanding of climate 

change among professionals in the agriculture sector. Past students include 

extension and policy offi cers, project managers, consultants, land managers 

and NRM facilitators. Graduates are equipped with the skills necessary to advise 

farmers and land managers on climate change mitigation, sequestration and 

adaptation. 

The course is held across four 5–day intensive blocks over one year at the 

University of Melbourne. The curriculum is delivered by a number of leading 

scientists including Richard Eckard (PICCC), Stefan Arndt, Snow Barlow, 

David Karoly, Ian Simmonds and Bill Malcolm (UM).

Carbon farming training for extension providers

PICCC, in partnership with University of Melbourne Commercial 

and the Carbon Market Institute, and supported by OnLine 

Learning Australia, is delivering carbon farming training and 

development services for extension providers engaged 

under the federal government’s Carbon Farming Futures 

Extension and Outreach program.

The project involves the delivery of an eLearning 

training course for extension and outreach 

professionals in the agricultural sector. It aims to 

enable participants to deliver nationally consistent 

services, and technical, regional- and industry-

relevant information to farmers, land managers and 

their key infl uencers on reducing greenhouse gas 

emissions, sequestering carbon in the landscape 

and participating in the Carbon Farming Initiative.

The fi rst phase of the project has delivered the Carbon Farming Extension 

Providers ePortal (see next section), and an eLearning training course, providing 

access to a collection of tools and information about land-based emissions 

reduction, carbon sequestration and the Carbon Farming Initiative. 

Deliverables in the second phase of the project include face-to-face training 

sessions, webinars and ongoing refi nement of the online resource suite.
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Extension providers’ portal

www.extensionprovidersportal.org.au

The Carbon Farming Extension Providers’ e-Portal is a web-based 

collection of tools and information about land-based emissions reduction, 

carbon sequestration and the Carbon Farming Initiative. 

Developed to help industry professionals support farmers to manage 

emissions and participate in the Carbon Farming Initiative, it is open to the 

public and readily accessible to anyone with an interest in carbon farming 

and agricultural emissions.

It includes a Resources pack and Toolkit, each containing technical 

information, tools and electronic resources about agricultural emissions 

and carbon farming. 

The site also offers a suite of free e-Learning courses on the science, 

policy and implementation of carbon farming. Modules cover a wide range 

of subjects, from the carbon pricing mechanism and carbon markets, to 

the science behind agricultural emissions, and current abatement options 

for landholders. More than 200 people have registered for the eLearning 

course, and around 250 visits have so far been recorded at the e-Portal.

The Carbon Farming Extension Providers’ e-Portal has been developed 

by the University of Melbourne and the Carbon Market Institute on behalf 

of the Australian Government Department of Agriculture 

as part of the Carbon Farming Futures 

Extension and Outreach program.

Education and training
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Communications activities

The PICCC communications and public relations program is an ongoing effort to 

help position PICCC as a leader in collaborative climate challenges research and 

education for primary industries. In aiming to provide a forum for partners to share 

knowledge and research opportunities, PICCC’s communications program focuses 

on engaging staff within the core partner organisations, and promoting the benefi ts 

of PICCC to partners and the wider research and funding community. 

Communication activities undertaken in 2012–13 included the following.

Website: The re-designed PICCC website was launched in November 2012, 

offering signifi cant new functionality for profi ling research projects, resources 

and funding opportunities. The new design has been well received, and now 

provides a consistent brand for PICCC research while being fl exible enough 

to allow customisation of content for different projects, themes and purposes. 

The website has become an important avenue for providing up-to-date information 

on PICCC research, events and opportunities. 

Education and training
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E-newsletter: Alongside the PICCC website, the e-newsletter is central to 

PICCC’s efforts in communicating with its stakeholders. In late 2012, the frequency 

of distribution was reduced from monthly to bi-monthly, so that an occasional 

shorter ‘e-bulletin’ could be produced between editions. The change allows 

PICCC to be more responsive in communicating important news, rather than 

be restricted by a monthly publication date. 

The e-newsletter and e-bulletin are distributed to a database of around 150 staff 

and students at DEPI and UM. Both publications compile information on funding, 

events, research, publications and media in primary industries and climate, with 

the newsletter also containing an editorial piece written by the PICCC Director. 

Feedback suggests recipients fi nd these communications a valuable resource 

for keeping up-to-date with news and opportunities in this busy area.

Stakeholder perceptions evaluation: In early 2013, PICCC commissioned 

an evaluation of stakeholder perceptions regarding PICCC capabilities and 

brand recognition. Data were collected from 20 stakeholders through short 

phone interviews conducted by an independent consultancy company. The 

purpose was to identify potential opportunities and risks for PICCC, so that 

communications and strategic activities could be reframed to better fulfi l PICCC’s 

role as a broker of research funding, relationships and knowledge. Three key 

themes emerged from the analysis of the interview data:

• PICCC is perceived to have strong networking, research brokering and 

strategic capabilities, including capability as a politically sensitive national 

and strategic leader.

• The PICCC brand is recognised consistently at the state scale but is confused 

at regional and national scales with the Primary Industries Adaptation Research 

Network (PIARN) and Climate Change Research Strategy for Primary Industries 

(CCRSPI). With PIARN ending and CCRSPI no longer hosted from the PICCC 

offi ce, this confusion should now be resolved.

• PICCC is perceived to have strengths in tailoring its engagement to stakeholder 

needs, although there were suggestions for future engagement activities.

The fi ndings of the study have been incorporated into PICCC’s updated operating 

strategy.

Education and training
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Education and training

Fact sheet development: A new series of PICCC fact sheets was published 

development was published in October 2013, profi ling the key projects and 

research themes led by PICCC researchers. These are available on the PICCC 

website and in hard copy, and will be used to promote PICCC research at 

events over the next 12 months.

Capacity building and information sharing: Communication of PICCC’s 

capacity building activities is ongoing, including promoting the Postgraduate 

Certifi cate in Climate Change for Primary Industries and the PICCC postgraduate 

research scholarships to networks within the core partners and to the wider 

primary industries climate space. Beyond the opportunities offered through 

PICCC, the organisation is also highly active in promoting funding calls and 

other research opportunities that may be of interest to the PICCC network.

Media engagement: PICCC research and staff have featured in a number of 

media outlets, including ABC Radio and rural newspapers. PICCC research was 

heavily promoted during the 2012 CCRSPI Conference, while PICCC Director 

Richard Eckard and Chair Tim Reeves were featured on a Catalyst 

episode (ABC TV) about feeding the world in 2050.
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Refereed journal articles authored by PICCC researchers from July 2012 to 

June 2013 are listed on the following pages, grouped by PICCC research 

theme. 

Adaptation
Asseng S, Ewert F, Rosenzweig C, Jones J, Hatfi eld J, Ruane A, Boote K, Thorburn P, Rotter R, 

Cammarano D, Brisson N, Basso B, Martre P, Aggarwal P, Angulo C, Bertuzzi P, Biernath C, 

Challinor A, Doltra J, Gayler S, Goldberg R, Grant R, Heng L, Hooker J, Hunt L, Ingwersen J, 

Izaurralde R, Kersebaum K, Muller C, Naresh Kumar S, Nendel C, O’Leary G, Olesen J, 

Osborne T, Palosuo T, Priesack E, Ripoche D, Semenov M, Shcherbak I, Steduto P, Stockle 

C, Stratonovitch P, Streck T, Supit I, Tao F, Travasso M, Waha K, Wallach D, White J, Williams 

J & Wolf J (2013). Uncertainty in simulating wheat yields under climate change. Nature 

Climate Change, 3: 827–832.

Jin J, Tang C, Armstrong R, Butterly C & Sale P (2012). Elevated CO2 temporally enhances 

phosphorus immobilization in the rhizosphere of wheat and chickpea. Plant and 

Soil, 368(1– 2): 315–328. 

Jin J, Tang C, Hogarth T, Armstrong R & Sale P (2013). Nitrogen form but not elevated 

CO2 alters plant phosphorus acquisition from sparingly soluble phosphorus sources. 

Plant and Soil. In press. DOI: 10.1007/s11104-013-1870-2.

Nuttall J, O’Leary G, Khimashia N, Asseng S, Fitzgerald G & Norton R (2012). ‘Haying-off’ in 

wheat is predicted to increase under a future climate in south-eastern Australia. Crop and 

Pasture Science, 63: 593–605. 

Tausz-Posch S, Norton R, Seneweera S, Fitzgerald G & Tausz M (2013). Will intra-specifi c 

differences in transpiration effi ciency in wheat be maintained in a high CO2 world? — 

A FACE study. Physiologia Plantarum, 148(2): 232–245. 

Thilakarathne C, Tausz-Posch S, Cane K, Norton R, Tausz M & Seneweera S (2013). 

Intraspecifi c variation in growth and yield response to elevated CO2 in wheat depends 

on the differences of leaf mass per unit area. Functional Plant Biology, 40(2): 185–194. 

Thomson G, Mollah M, Tregenza J, Partington D, Argall R & Fitzgerald G (2013). Effects 

of elevated CO2 and soil nitrogen on shoot growth of two leafy Brassica vegetables. 

New Zealand Journal of Crop and Horticultural Science, 41(2): 69–77. 

Enteric methane
Deighton M, O’Loughlin B, Williams S, Moate P, Kennedy E, Boland T & Eckard R (2013). 

Declining sulphur hexafl uoride permeability of polytetrafl uoroethylene membranes causes 

overestimation of calculated ruminant methane emissions using the tracer technique. 

Animal Feed Science and Technology, 183: 86–95. 

Meale S, Chaves A, Hannah A, Williams S, Hume D, Mace D & Moate P (2013). Comparison of 

wild type, AR1 and AR37 endophyte infected perennial ryegrass on in vitro methanogenesis. 

Animal Feed Science and Technology, 180: 10–17. 

Research publications
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Research publications

Moate P, Williams S, Hannah M, Eckard R, Auldist M, Ribaux B, Jacobs J & Wales W (2013). 

Effects of feeding algal meal high in docosahexaenoic acid on feed intake, milk production, 

and methane emissions in dairy cows. Journal of Dairy Science, 96(5): 3177–3188. 

Ross E, Moate P, Marett L, Cocks B & Hayes B (2013). Investigating the effect of two methane-

mitigating diets on the rumen microbiome using massively parallel sequencing. Journal of 

Dairy Science, 96(9): 6030–6046. 

Williams S, Clarke T, Hannah M, Marrett L, Moate P, Auldist M & Wales W (2013). Energy 

partitioning in herbage-fed dairy cows offered supplementary grain during an extended 

lactation. Journal of Dairy Science, 96(1): 484–494. 

Williams S, Fisher P, Berrisford T, Moate P & Reynard K (2013). Reducing methane on-farm 

by feeding diets high in fat may not always reduce life cycle greenhouse gas emissions. 

The International Journal of Life Cycle Assessment. DOI: 10.1007/s11367-013-0619-8. 

Modelling
Bell M, Eckard R, Haile-Mariam M & Pryce J (2013). The effect of changing cow production and 

fi tness traits on net income and greenhouse gas emissions from Australian dairy systems, 

Journal of Dairy Science (in press).

Browne N, Kingwell R, Behrendt R & Eckard R (2013). The relative profi tability of dairy, sheep, 

beef and grain farm enterprises in southeast Australia under selected rainfall and price 

scenarios. Agricultural Systems, 117: 35–44. 

Nitrous oxide
Offi cer S, Phillips F, Kearney G, Armstrong R, Graham J & Partington D (2013). Increased nitrous 

oxide fl ux in response to urea fertiliser in a semi-arid climate, identifi ed by smoothing spline 

model. Soil Research (in press).

Harris R, Offi cer S, Hill P, Armstrong R, Fogarty K, Zollinger R, Phelan A & Partington D (2013). 

Can nitrogen fertiliser and nitrifi cation inhibitor management infl uence N2O losses from high 

rainfall cropping systems in south eastern Australia? Nutrient Cycling in Agroecosystem, 

95(2): 269–285.

Suter H, Sultana H, Turner D, Davies R, Walker C & Chen D (2013) Infl uence of urea fertiliser 

formulation, urease inhibitor and season on ammonia loss from ryegrass. Nutrient Cycling 

in Agroecosystems, 95(2): 175–185.
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PICCC researchers were active at a number of national and international 

conferences in 2012–13. These events offered a chance to profi le the 

research being led by PICCC, and represented valuable capacity building and 

professional development opportunities for PICCC’s early career scientists. 

Two of the major conferences are profi led next. A list of conference papers 

presented by PICCC researchers at other relevant events follows, again 

grouped by research theme.

Conference presentations

CCRSPI Conference

27–29 NOVEMBER 2012

PICCC researchers featured strongly at the 2012 Climate Change Research 

Strategy for Primary Industries (CCRSPI) Conference, with concurrent 

sessions focusing on key areas of PICCC research including livestock 

methane emissions, plant adaptation and nitrous oxide management.

PICCC papers presented are listed below. All abstracts are available at 

www.theccrspiconference.com.au

Browne N, Eckard R, Behrendt R & Kingwell R. The economic viability of selected 

greenhouse gas mitigation options on sheep, beef and dairy enterprises in south west 

Victoria.

Cullen B, Dassanayake K & Ramilan T. Grain fi nishing to reduce emissions from lamb 

production systems in northern Victoria. 

Darbyshire R, Barlow E, Webb L & Goodwin I. Methods matter — Implications for impacts 

and adaptation in fruit tree fl owering. 

Eckard R. What are the opportunities to decrease methane in agriculture? 

Fitzgerald G, Tausz M, Seneweera S, O’Leary G, Brand J, Panozzo J, Armstrong R, 

Mollah M & Nuttall J. Elevated carbon dioxide impacts to agricultural production. 

Kelly K, Ward G, Hollier J & Eckard E. How long does dicyandiamide impact on nitrous 

oxide emissions from urine patches in south-western Victoria? 

Moate P, Deighton M, Hannah M & Williams R. Intake effects on methane emissions from 

dairy cows. 

Offi cer S, Kelly K, Kearney G & Graham J. Large nitrous oxide emissions after conversion 

from pasture to cropping in temperate south-eastern Australia. 

Suter H, Chen D, Sultana H, Davies R & Walker R. Can a urease inhibitor be used to 

reduce indirect greenhouse gas emissions? 

Tausz M, Fitzgerald G, Norton R, Seneweera S & Tausz-Posch S. Crop improvement 

opportunities under increasing atmospheric carbon dioxide. 

Williams S, Moate P, Hannah M, Auldist M, Deighton M & Eckard R. Methane emissions 

from dairy cows are poorly predicted by concentration of milk fatty-acids.
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Greenhouse Gas and 
Animal Agriculture Conference

23–27 JUNE 2013

One of the key research events for PICCC in 2013 was the international 

Greenhouse Gas and Animal Agriculture (GGAA) Conference, held at 

University College Dublin, Ireland. PICCC researchers and postgraduate 

students presented 17 papers during the conference, an impressive total 

for any collective research group. The meeting was an excellent opportunity 

to showcase PICCC’s research on the international stage and highlighted 

that research conducted by PICCC was equal to or leading the world. 

In particular, the improvements made to the sulphur hexafl uoride tracer 

method by the PICCC methane team are leading the global research effort 

in this area. PICCC is now chairing the organising committee of the next 

GGAA conference, to be held in Melbourne in early 2016. 

The papers presented are listed on the following page. All abstracts are 

available at www.ggaa2013.ie

Conference presentations

DEPI scientist 

Peter Moate with a dairy cow 

fi tted with a methane collar as part 

of PICCC’s enteric methane research.
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Conference presentations

GREENHOUSE GAS AND ANIMAL AGRICULTURE CONFERENCE PAPERS

Bell M, Garnsworthy P, Eckard R & Moate P. Modelling the effect of diet chemical 

composition on enteric methane emissions. 

Browne N, Eckard R, Behrendt R & Kingwell R. An analysis of extended lactation as 

a potential mitigation and carbon offset option for pasture based dairy enterprises 

in south eastern Australia. 

Christie K, Rawnsley R, Harrison M & Eckard R. Impact of improving animal nitrogen 

use effi ciency on nitrous oxide emissions for dairy farms in south-eastern Australia. 

Cullen B, Timms M, Eckard R,  Mitchell R, Whip P & Phelps D. The effect of earlier 

mating and improving fertility on emissions intensity of beef production in a northern 

Australian herd. 

Deighton M, Williams S, Eckard R, Boland T & Moate P. High concordance of CH4 

emissions is possible between the SF6 tracer and respiration chamber techniques. 

Deighton M, Williams S, Lassey K, Eckard R, Boland T & Moate P. Effect of temperature 

on the rate of sulphur hexafl uoride release from permeation tubes. 

Deighton M, Williams S, Lassey K, Eckard R, Boland T & Moate P. Release rate of sulphur 

hexafl uoride from permeation-tubes is not affected by submersion in water. 

Kelleher M, Lewis E, Berry D, Deighton M & Buckley F. Genetic parameters for methane 

emissions in grazing dairy cows. 

Kelly K, Ward G, Hollier J & Eckard R. Impact of surface applications of dicyandiamide on 

nitrous oxide emissions from bovine urine patches in south-western Victoria, Australia. 

Ludeman C, Smith K, Cullen B & Eckard R. Potential effects of time of cutting and plant 

genotypes on gas production from fermentation of perennial ryegrass (Lolium perenne) 

using dairy cow rumen fl uid. 

Mitchell R, Cullen B & Eckard R. Can soil carbon accumulation offset methane and nitrous 

oxide emissions when transitioning from cropping to livestock production? A case study 

from south-eastern Australia. 

Moate P, Meale S, Williams S, Ribaux B & Chaves A. Comparison of enantiomers of 

organic acids for their effects on methane production in vitro. 

Moate P, Williams S, Deighton M & Hannah M. Rate of release of SF6 from permeation 

tubes is described by Michaelis-Menten kinetics. 

Moate P, Williams S, Deighton M, Jacobs J & Wales W. Infl uence of rumen cannulation 

on feed intake, milk production, enteric methane production and composition of rumen 

headspace gas. 

Vanlierde A, Dehareng F, Froidmont E, Dardenne P, Kandel P, Gengler N, Lewis E, Buckley 

F, Deighton M, McParland S, Berry D & Soyeurt H. Prediction of individual enteric 

methane emission of dairy cows from milk mid-infrared spectra. 

Williams S, Moate P, Hannah M, Deighton M & Auldist M. Milk fatty acids can assist in the 

prediction of methane from dairy cows fed a range of diets. 

Ward G, Jacobs J, Kelly, K & Muir S. Nitrous oxide emissions from dairy sludge used as 

an organic fertiliser on resown pasture in south western Victoria, Australia. 
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Adaptation
Butterly C, Armstrong R, Chen D, Mathers N & Tang C (2012). Effect of elevated CO2 and N level 

on growth of wheat and fi eld pea. Proceedings of 16th Australian Agronomy Conference, 

University of New England, Armidale, NSW, 14–18 October 2012. 

Fernando N, Panozzo J, Tausz M, Norton R, Fitzgerald G & Seneweera S (2012). Elevated 

atmospheric CO2 affects grain sulfur concentration and grain nitrogen/sulfur ratio of wheat 

(Triticum aestivum L.). In: LJ De Kok, M Tausz, MJ Hawkesford, R Höfgen, MT McManus, 

RM Norton, H Rennenberg, K Saito, E Schnug & L Tabe (Eds), Sulfur Metabolism in Plants, 

Proceedings of the International 231 Plant Sulfur Workshop 1, Springer Science+Business 

Media: Dordrecht. 

Mollah M, Partington D & Fitzgerald G (2012). Know the factors that affect the usage of 

CO2 in a FACE system and adjust accordingly. Proceedings of 16th Australian Agronomy 

Conference, University of New England, Armidale, NSW, 14–18 October 2012. 

Nuttall J, Brady S, Brand J, O’Leary G, Panozzo J & Fitzgerald G (2012). Heat waves and 

wheat growth under a future climate. Proceedings of 16th Australian Agronomy Conference, 

University of New England, Armidale, NSW, 14–18 October 2012. 

Nuttall J, O’Leary G, Panozzo J & Fitzgerald G (2012). A model for predicting milling yield in 

wheat. Proceedings of 16th Australian Agronomy Conference, University of New England, 

Armidale, NSW, 14–18 October 2012. 

O’Leary G, Nuttall J, Fitzgerald G & Christy, B (2012). Water use and water use effi ciency of 

wheat under a Free Air CO2 Enrichment (FACE) experiment. Proceedings of 16th Australian 

Agronomy Conference, University of New England, Armidale, NSW, 14–18 October 2012. 

Redden R, Fitzgerald G, Ling Li & Berger J (2012). Genetic resources and the challenge of 

climate change. Proceedings of 16th Australian Agronomy Conference, University of New 

England, Armidale, NSW, 14–18 October 2012. 

Tausz-Posch S, Putri V, Seneweera S, Norton R, Fitzgerald G & Tausz M (2012). Effects of 

elevated CO2 on vitamin E concentrations in grains of two wheat cultivars — A FACE study. 

Proceedings of 16th Australian Agronomy Conference, University of New England, Armidale, 

NSW, 14–18 October 2012. 

Methane
Ross E, Moate P, Marett L, Cocks B & Hayes B (2013). Using rumen microbiome profi les to 

predict enteric methane production. Plant and Genome Conference XXI, San Diego, USA, 

12–16 January 2013.

Vanlierde A, Dehareng F, Froidmont E, Gengler N, Soyeurt H, Kandel P, McParland S, Lewis E, 

Deighton M & Dardenne P (2013). Improvement of a method to predict individual enteric 

methane emission of cows from milk MIR spectra. 64th Annual Meeting of the European 

Federation of Animal Science, Nates, France, 26–30 August 2013.

Conference presentations
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Modelling
Browne N, Behrendt R, Kingwell R & Eckard R (2012). Comparing greenhouse gas emissions 

and farm profi t on sheep, beef, dairy and grain farms in south west Victoria. Proceedings of 

the 2nd Joint Conference of the New Zealand and Australian Societies of Animal Production, 

Lincoln University, Lincoln, New Zealand, 2–5 July 2012. 

Christie K, Rawnsley R, Cullen B, Bell M & Eckard R (2012). Predicted frequency of wet and 

dry soil conditions in Tasmanian dairy regions under future climate scenarios. Proceedings 

of 16th Australian Agronomy Conference, University of New England, Armidale, NSW, 

14– 18 October 2012. 

Christie K, Rawnsley R, Cullen B, Bell M & Eckard R (2012). Timing of autumn breaks and 

length of springs in Tasmanian dairy regions under future climate scenarios. Proceedings 

of 16th Australian Agronomy Conference, University of New England, Armidale, NSW, 

14– 18 October 2012. 

Eckard R, Rawnsley R, Cullen B, Bell M & Christie K (2013). Modelling adaptation and 

mitigation strategies for southern livestock industries of Australia. Proceedings of the 

22nd International Grasslands Congress, Sydney Convention and Exhibition Centre, 

Sydney, NSW, 15– 19 September 2013.

Phelps D, Eckard R, Cullen B, Timms M, Whip P & Bray S (2013). Early joining and improved 

fertility improve profi tability and reduce greenhouse gas emissions in the Longreach district. 

Proceedings of the Northern Beef Research Update Conference, Cairns, Queensland, 

2–15 August 2013.

Nitrous oxide
Harris R, Offi cer S, Hill P, Armstrong R & Partington D (2012). Can agronomic management 

mitigate N2O losses from high rainfall cropping systems? Proceedings of 16th Australian 

Agronomy Conference, University of New England, Armidale, NSW, 14–18 October 2012. 

Hill P, Armstrong R, Partington D, Harris R & Wallace (2012). Nitrous oxide emissions in medium 

rainfall cropping environments: merely interesting, or actually important? Proceedings of 

16th Australian Agronomy Conference, University of New England, Armidale, NSW, 

14– 18 October 2012. 

Conference presentations
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