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Independent Chair’s report

Professor Tim Reeves

The primary role of the Primary Industries Climate Challenges Centre (PICCC) 

is to encourage and facilitate effective collaboration between scientists from our 

joint partners — the Department of Environment and Primary Industries Victoria 

and the University of Melbourne. However, the role does not stop there, as it 

is also very much about stimulating and facilitating national and international 

collaboration, for the benefi t of Victoria and Australia. 

The Centre has had a successful year in achieving these objectives and continues 

to adapt its endeavours to the changing operating environment and the changing 

needs of agriculture. Our Director, Associate Professor Richard Eckard, has 

provided in his report some details of these shifts in emphasis. As Independent 

Chair, it is pleasing to see this progress and comment on two things: the 

increasing number of peer-reviewed and cited publications and, just as importantly, 

the distillation of these research fi ndings into educational courses and information 

for those dealing directly with farmers. PICCC is very conscious that its desired 

impacts must be evident in both farmers’ fi elds and in the scientifi c community.

As PICCC looks to the coming year, one of the important changes of emphasis 

will be around the global, national and regional challenges of not just producing 

more food, but also food that is more nutritious, safer and of higher quality. 

Australian farmers have an increasing opportunity to contribute to the expanding 

food needs of a global population that is growing at around 140 people per 

minute. In our Asian region, not only is total food demand growing, but so are 

dietary preferences for more protein and meat, and for safer, more nutritious food. 

This is both an opportunity and a challenge for farmers globally. While  food 

demand increases, the land on which to grow that food is being lost by around 

six hectares per minute, and the competition for water between agriculture and 

other uses is rapidly becoming more fraught in many catchments (around 45% 

of global food crop production comes from irrigated systems). 

When one adds to this equation the increasing costs and reducing availability 

of energy-rich agricultural inputs, and the changing climate, the challenges are 

at least as great as the opportunities. PICCC scientists will therefore work with 

others, nationally and internationally, on the sustainable intensifi cation of farming 

systems to meet the challenges of ‘producing more with less’. In so doing, it will 

help Victorian and Australian farmers to seize the opportunities presented by the 

growing demand for — and returns from — safer, more nutritious and higher quality 

food in our Asian region. 

Professor Timothy Reeves FTSE

Independent Chair, PICCC Board of Management 
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Increasing the production of agricultural goods in south-east Australia faces 

a number of challenges, including managing a trend towards greater climate 

variability and extremes, together with an underlying trend in longer-term climate 

change. These are challenges which current PICCC projects are addressing 

directly. The recent launch of the federal government’s Rural Research and 

Development for Profi t Programme highlights the shift in the focus of rural research 

funding towards improving agricultural productivity. This scheme complements 

the Victorian government’s Growing Food and Fibre and Food to Asia initiatives 

in its aspirations. Over the past year, PICCC has responded to these changes in 

emphasis in the policy environment, ensuring we communicate more clearly how 

our work leads to productivity improvements in the face of a changing climate, 

while providing options to reduce the footprint of the production system.  

The past year has seen most PICCC research projects maturing, with researchers 

presenting their work at national and international conferences and local 

workshops. Importantly, the project teams are also publishing their fi ndings in 

internationally peer-reviewed journals. PICCC projects have now delivered over 

100 peer-reviewed papers, which have received more than 1000 citations. The 

challenge now is to ensure this science is communicated through to next users. 

An unexpected output from PICCC has been the expanding education and 

communication portfolio. While PICCC provides scholarships to two postgraduate 

students and most PICCC projects include PhD students, this year we have also 

expanded on the Postgraduate Certifi cate in Climate Change for the Primary 

Industries course to provide carbon farming training for over 100 extension offi cers 

and consultants under the national Extension and Outreach programme. This has 

provided a direct pathway for communicating PICCC research to farmers. Using our 

experience in developing online training programs, PICCC is now also developing a 

series of online tutorials on carbon farming for the Clean Energy Regulator. 

As PICCC looks to the future we are exploring more opportunities to collaborate 

internationally, through links with the Global Research Alliance on Climate-Smart 

Agriculture and the Food and Agriculture Organization of the United Nations’ 

Save and Grow initiative. PICCC’s growing focus on sustainable intensifi cation of 

agriculture in south-eastern Australia aligns not only with the productivity goals of 

the Victorian and Australian governments, but also with global efforts to address 

rising food demand and declining food security while meeting the challenges of 

climate variability and change. 

Associate Professor Richard Eckard

PICCC Director

Director’s report

Associate Professor 

Richard Eckard
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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 researchers from its core partners and beyond to 

develop collaborative research and education projects on the climate challenges 

facing agriculture in south-eastern Australia. 

PICCC research covers carbon farming as it relates to mitigation of methane and 

nitrous oxide emissions, carbon sequestration, short-term climate variability and 

extreme events, longer-term climate change, and the interaction between each 

of these processes in relation 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 

the priorities of both state and federal governments having altered signifi cantly. 

The Victorian government’s Growing Food and Fibre and Food to Asia initiatives 

have set a target of doubling food production by 2030. The federal government 

has also announced its Rural Research and Development for Profi t programme, 

with a focus on increasing the profi tability and productivity of primary industries, 

increasing the value of primary products, strengthening primary producers’ ability 

to adapt to opportunities and threats, strengthening on-farm adoption and 

improving information fl ows. 

Internationally, the launch of the Global Research Alliance for Climate-Smart 

Agriculture at the 2014 United Nations Summit provides added strength 

to the Global Research Alliance on Agricultural Greenhouse Gases. 

Together these initiatives offer a signifi cant opportunity for PICCC 

to build international research links. 

PICCC will respond to state, national and international 

developments by aligning its work with these priorities, 

ensuring that future farming systems and technologies deliver 

improved productivity and sustainability while including the 

core principles of climate-smart agriculture.

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 *

Dr Ron Prestidge, Executive Director, Future Farming Systems Research 

Division, Department of Environment and Primary Industries Victoria **

Professor Iven Mareels, Dean, Melbourne School of Engineering, 

University of Melbourne

Ms Angela Avery, Research Director — Agricultural Resources, Future 

Farming Systems Research Division, Department of Environment and Primary 

Industries Victoria

*  Professor Rick Roush resigned from the PICCC Board at the end of June 2014, and has been replaced by 

Professor Ken Hinchcliff, Dean, Faculty of Veterinary and Agricultural Sciences, University of Melbourne

**  Dr Ron Prestidge resigned from the PICCC Board at the end of June 2014, and has been replaced by Dr Greg Harper, 

Executive Director — Agriculture Research and Development, Department of Environment and Primary Industries Victoria

STAFF

Associate Professor Richard Eckard, PICCC Director 

Dr Lauren Hull, Communications Coordinator

Mrs Teena Sullivan, Executive Offi cer

Ms Tracey Cromby, Executive Assistant *

* Ms Tracey Cromby resigned from her position at PICCC at the end of May 2014

The Primary Industries 
Climate Challenges Centre
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The Primary Industries 
Climate Challenges Centre

RESEARCH EXECUTIVE

Associate Professor Richard Eckard, PICCC Director, Faculty of Veterinary 

and Agricultural Sciences, 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, Faculty of 

Science, 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, Academic, Faculty of Veterinary and Agricultural Sciences, 

University of Melbourne

Associate Professor Rebecca Ford, Academic, Faculty of Veterinary and 

Agricultural Sciences, 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 Andrew Western, Deputy Head — Department of Infrastructure 

Engineering, Melbourne School of Engineering, University of Melbourne
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Collaborators

The Primary Industries Climate Challenges Centre would like to acknowledge 

the following organisations for their collaborative efforts and funding 

contributions to the projects profi led in the 2013/2014 Annual Report:

• Australian Government Department of Agriculture

• Australian Government Department of the Environment

• Australian Research Council

• Australian Wool Innovation

• Carbon Market Institute

• CSIRO 

• Dairy Australia

• Department of Agriculture and Food Western Australia

• Department of Agriculture, Fisheries and Forestry Queensland

• Department of Environment and Primary Industries Victoria

• Department of Primary Industries New South Wales

• Department of Science, Information Technology, Innovation and the Arts

• Grains Research and Development Corporation

• Incitec Pivot Limited

• Meat & Livestock Australia

• OnLine Learning Australia

• Queensland University of Technology

• Tasmanian Institute of Agriculture

• University of Melbourne

• University of Melbourne Commercial

• University of New England
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PICCC research projects

Since its inception PICCC has brokered and managed over 30 large 

collaborative research projects, with a total funding value of $67 million, 

including funding from the Commonwealth, Grains Research and Development 

Corporation, Dairy Australia, Meat & Livestock Australia, Australian Wool 

Innovation, Horticulture Australia and Incitec-Pivot. This research has 

delivered over 100 peer-reviewed papers to date, with as many conference 

proceedings again.

The projects currently aligned with PICCC are collaborative investments led 

by researchers from either or both of PICCC’s core partners, DEPI and UM. 

The current suite of PICCC projects have been developed through the Centre’s 

coordinated approach to funding submissions, with staff actively working 

with colleagues within DEPI and UM to identify opportunities and gaps, 

link researchers, share resources and minimise duplication.

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

enteric methane, modelling, nitrous oxide and soil carbon. Over the past 

12 months most of the projects funded through the federal government’s 

funding program have entered their penultimate year. The aims and research 

progress of each of these studies are detailed in the following pages.

In addition to the projects profi led in this report, PICCC has also brokered 

the Southern Slopes Climate Change Adaptation Research 

Partnership — to deliver climate change information and 

guidance on its effective use in natural resource 

management planning processes — and the 

Livestock Methane Research Cluster 

— to develop accurate and practical 

methods to measure and reduce 

livestock methane emissions in 

northern Australia. 
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The Australian Grains Free Air 
Carbon dioxide Enrichment program

JULY 2007 — JUNE 2017 

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

is one of six crop FACE sites internationally. Led by Glenn Fitzgerald (DEPI) 

and Michael Tausz (UM), 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 AGFACE program began in 2007 and its focus has evolved from 

understanding and measuring crop yield response to elevated CO2 (eCO2), 

to more complex and focused questions that improve knowledge of how 

to adapt dryland cropping systems to future climates.

The principal fi ndings from the last six years of research include:

• Yield response in a range of crops under eCO2 is highly variable by environment 

and cultivar, but may be controlled by water

• Protein concentration in wheat will be reduced under eCO2 but effects vary 

by cultivar

• The concentration of many micronutrients in wheat, including zinc and iron, 

will be reduced under eCO2

• Barley yellow dwarf virus effects will increase under eCO2

• Transpiration effi ciency and tillering capacity traits remain effective under eCO2.

ADAPTATION

AGFACE researcher 

James Nuttall (DEPI) at 

the AGFACE trial site where 

researchers are using temperature-

controlled chambers to assess the 

effect of heat stress on crop growth 

under eCO2.
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Crossing the threshold: adaptation tipping points 
for Australian fruit trees

JULY 2013 — JUNE 2016

Timely and effective adaptation in response to climate change is essential to 

maintain a productive Australian fruit tree industry. This project is investigating 

the likely impacts of climate change, as well as the effi cacy of various adaptation 

strategies, for the apple, pear and cherry industries across Australian growing 

regions.

The research team, led by Sigfredo Fuentes (UM), have collected physiological 

and climate data for the 2013–14 season and begun a second season 

of observations. Initial fi ndings indicate that fl owering at Western 

Australian sites was noticeably delayed, suggesting a climate 

warming signal is already present in that region. Experiments 

investigating shade netting as an adaptation strategy have 

demonstrated that nets provide approximately 50% 

reduction in moderately sunburnt fruit and total 

protection from severe damage.

By the conclusion of the project, researchers 

will be able to predict when and where 

climate impacts will occur across 

Australia’s major perennial fruit 

growing regions, and how these 

impacts may be delayed or 

avoided with adaptation.

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

JULY 2012 — JUNE 2015

Feeding a vineyard by-product to dairy cows can reduce methane emissions, 

according to the results of a series of recent fi eld experiments. This is one 

of the key fi ndings from a team of PICCC researchers investigating novel feed 

supplements and forages for their potential to mitigate methane production from 

sheep and cattle. Building on previous PICCC research, the work aims to enhance 

productivity without substantially increasing methane emissions from livestock.

Led by Joe Jacobs (DEPI) and Brian Leury (UM), researchers have conducted 

in vitro screenings of forages and grape marc supplements in order to identify the 

most promising products for a subsequent series of in vivo studies. All feeding 

strategies are being assessed for their impact on productivity and methane 

emissions, milk production and composition, practicality and cost effectiveness.

In vitro studies have tested a range of grape marc products ranging from whole 

grape marc derived from different grape varieties, through to seeds and stalks. 

The results have shown marked differences in gas production between the 

different products. In association with the Australian Wine Research Institute 

these grape marc products are now being screened for full chemical composition 

to determine the relationship between tannin and lipid composition and methane 

emissions. 

Key in vivo fi ndings from dairy cow studies over the last 12 months indicated 

that grape marc products caused a reduction in total methane emissions and 

methane yield from dairy cows, and while there was an associated reduction in 

milk production, methane emissions intensity was also reduced. Another study 

compared emissions from diets based on chicory and Winfred rape, showing 

signifi cant reductions in emissions intensity when the rape diet was offered. Further 

in vivo experiments using sheep are investigating the methane mitigating potential 

of wheat grain treated with BioProtect, a variety of forages (lucerne, 

perennial ryegrass and vetch), and combination of 

forages and grape marc products.

ENTERIC METHANE

Dairy cows fi tted with sulphur 

hexafl uoride tracer equipment — 

for measuring enteric methane 

emissions — at DEPI’s Ellinbank 

Research Centre. 

Grape marc. 
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Dairy businesses for future climates

JULY 2013 — JUNE 2016 

This project is combining biophysical and economic modelling, social research and 

farmer engagement to identify farm management responses and innovations that 

maintain profi tability while building resilience under a more variable and challenging 

future climate.

Drawing on expertise from universities, industry and regional dairy communities, 

the study will examine the effectiveness of management strategies in improving 

climate change adaptation and greenhouse gas mitigation outcomes for dairy 

farm businesses.

The biophysical research team, led by Gillian Hayman (Dairy Australia), Matthew 

Harrison (University of Tasmania) and Brendan Cullen (UM), have so far used 

modelling to explore the impacts of extreme climate events and climate variability 

on pasture production. The simulations indicated a decrease in average annual 

pasture production of up to 34% in three case study regions across south-eastern 

Australia. Importantly the research has demonstrated that climate scenarios, 

including changes in the frequency and severity of extreme events, had a greater 

impact on pasture production than the ‘scaled’ approaches commonly used.

The impacts of extreme climate events on production and fi nancial performance 

of case study dairy farms in Gippsland, South Australia and Tasmania are now 

being investigated. Farmer working groups in each region are identifying 

development options for the case study farms which will be 

tested in current and future climate scenarios. 

Social research is defi ning the skills 

that will be required as farm 

systems change.

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

JUNE 2012 — MAY 2015

Mathematical modelling is the only viable way to understand how a changing 

climate will impact on agricultural production and to investigate the long-term 

consequences of management changes on both productivity and greenhouse 

gas emissions. Modelling activities in the federal government’s Filling the Research 

Gap programme will be spread across projects (including PICCC’s whole-farm 

systems analysis project, following), models and land uses, so there is a risk 

of inconsistent greenhouse gas abatement predictions and hence uncertainty 

about the real-world outcomes of different studies. 

This facilitation project, led by Andrew Moore (CSIRO) with support from 

Deli Chen (UM) and Richard Eckard (PICCC), was brokered by PICCC to ensure 

that models are developed, applied and disseminated consistently across the 

programme using the best scientifi c understanding of greenhouse gas fl uxes.

The project team are leading 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 knowledge 

exchange, collaboration and increased research capacity.

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

JULY 2012 — JUNE 2015

This project’s farm modelling indicates that although the Carbon Farming Initiative 

will provide only modest returns for producers, many carbon farming practices 

can signifi cantly increase business profi ts through productivity improvements.

Led by Richard Eckard (PICCC), the project is using whole-farm systems analysis 

to assess a range of management strategies for their impacts on farm emissions, 

productivity and profi tability. The results have highlighted many effective options 

for reducing emissions but the modelling invariably indicates that carbon credit 

revenue would be so low that it would be unlikely to drive adoption on its own.

MODELLING 
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Despite this, the research team found that many of the management strategies 

could be profi table in their own right. In prime lamb systems, for example, 

increasing ewe fecundity from 1.0 to 1.5 lambs per ewe by incorporating the 

fecundity Booroola gene increased production by 27% and reduced emissions 

intensity by 21% for the same long-term stocking rate. Combining several different 

management and genetic interventions on prime lamb systems, such as increasing 

weaning rate, feed use effi ciency and soil fertility, was the most effective means 

of increasing production and reducing emissions intensity, provided that the 

resulting interactions between interventions were not antagonistic. 

In dairy systems, switching to an extended lactation system (18-month calving) 

produced lower total emissions and emissions intensity and higher operating 

profi ts than annual calving systems, with fewer replacement animals required and 

greater lifetime production per cow. A case study of two northern beef systems 

showed that managing herds for higher weaning percentages and earlier joining 

of heifers increased turn-off and reduced the emissions intensity of production 

because the number of unproductive cows was minimised, mean breeder 

weight was lower, and weaning rates were higher. 

The research is being used to inform and prioritise future carbon offset method 

developments, and advise industry on effi ciency improvement options. The 

research team’s ongoing modelling studies are looking at a range of carbon 

farming strategies including earlier fi nishing of beef cattle, earlier 

mating of dairy heifers and precision agriculture for 

applying nitrogen fertiliser in dairy systems, 

along with a case study of a carbon 

neutral wool property.

MODELLING 

A beef herd in the 

Northern Territory, where 

researchers undertook a series 

of modelling studies investigating 

the effectiveness of Carbon Farming 

Initiative offset options.
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Are nitrifi cation inhibitors an economical choice to reduce 
nitrous oxide emissions under real farm scenarios?

AUGUST 2013 — APRIL 2017

Given the signifi cant levels of emissions abatement shown in recent studies 

of inhibitors-coated fertilisers, there is strong interest in their use on-farm. 

Led by Stefan Arndt (UM) in collaboration with Devondale Murray Goulburn, 

the project is trialling the use of nitrogen fertiliser, amended with the nitrifi cation 

inhibitor dimethylpyrazol phospate (DMPP), under commercial production 

conditions on dairy cattle pastures and broadacre crops in north-east Victoria. 

Researchers will determine if increased costs associated with DMPP application 

are balanced by yield increases and cost savings achieved through increases in 

nitrogen use effi ciency.

The project team are measuring nitrous oxide emissions and crop, pasture and 

milk yield on 10 properties. Trial sites on each farm are comparing ‘business-as-

usual’ farming practices with the use of DMPP-amended urea fertiliser applied 

at standard application rates. 

The on-farm trials are underway, with treatments applied in both the dairy and 

broadacre systems. The data from the initial samplings are currently being 

analysed.

Improving nitrous oxide abatement in high rainfall 
cropping systems

JULY 2012 — JUNE 2015

PICCC researchers in western Victoria have found that late termination of pasture 

followed by a shorter fallow before converting from pasture to cropping may 

signifi cantly reduce nitrous oxide emissions.

Led by Rob Harris (DEPI), the project is investigating the infl uence of fertiliser 

and pasture management practices on emissions from soils in the high rainfall 

cropping zone of Victoria. It is an area in which soils are 

rich in organic carbon and de-nitrifying and 

nitrifying soil microbial communities, 

and where previous studies have 

shown that the conversion 

of long-term pasture 

to cropping releases 

large quantities of 

nitrous oxide.

NITROUS OXIDE

This page and opposite: A wheat 

crop trial site in the high rainfall 

cropping nitrous oxide study. 

Photos taken on 26 June 2014 

and 22 September 2014.
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Recent studies 

compared 

continuous pasture 

with early termination, 

late termination and a 

spring crop. The data indicate 

that timing pasture termination 

to occur shortly before the winter 

crop is sown can reduce the supply 

of labile nitrogen and subsequent nitrous 

oxide fl uxes, with the late termination treatment 

reducing nitrous oxide emissions by more than 80% 

over a six-month period compared to early termination. 

Early termination of long-term pasture prior to cropping is the district 

practice, on the basis that a longer fallow helps control weeds prior to cropping. 

However the researchers found that weed pressures were the same irrespective of 

the timing of pasture termination. Crop yield data are still being analysed but visual 

observations suggest little difference between the two treatments. 

The research team also found that nitrogen fertiliser coated with the nitrifi cation 

inhibitor DMPP can reduce or delay nitrous oxide fl uxes. However with no 

signifi cant improvement in crop yield observed, and inhibitor-coated fertilisers 

signifi cantly more expensive than conventional urea, the result suggests their 

use is not cost-effective at current price and incentive structures.

Avoiding surplus nitrogen supply by better matching fertiliser rates with crop 

demand reduced nitrous oxide fl uxes and increased grain income in the study, 

making it a more profi table approach to reducing emissions than inhibitor use.

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

JULY 2012 — JUNE 2015

Vegetable crop fi eld trials conducted as part of this project have indicated that 

a nitrifi cation inhibitor can reduce nitrous oxide emissions by 12%, but cause 

ammonia volatilisation to increase by around 20%.

Led by Helen Suter (UM), the research team are investigating the impact of 

the nitrifi cation inhibitor DMPP on ammonia loss from a commercial vegetable 

operation. When applied one day after standard application of chicken manure, 

ammonia loss increased by 20% compared to the control. Over the same period, 

DMPP successfully reduced nitrous oxide emissions by 12%. 

The result highlights the importance of considering all loss pathways when 

developing a strategy for reducing nitrogen loss and improving system 

effi ciency, to ensure that strategies targeting one process do not result 

in increased losses — or ineffi ciencies — via another pathway. 

NITROUS OXIDE
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Up to 48% of applied urea can be lost through ammonia volatilisation. While it is 

not regarded as a greenhouse gas, ammonia acts as an indirect source of nitrous 

oxide when it is re-deposited on land. Ammonia volatilisation also considerably 

reduces the cost-effectiveness of fertiliser and manure use. Urease and nitrifi cation 

inhibitors work on different nitrogen transformation processes, targeting different 

nitrogen loss pathways. They can reduce nitrogen loss from fertilisers; however 

their impact on both ammonia and nitrous oxide loss from intensive agricultural 

production systems in Australia is not well understood.

The ongoing series of fi eld campaigns will quantify and measure changes in 

ammonia volatilisation, nitrous oxide emissions and nitrate production resulting 

from the use of inhibitors applied with fertilisers and manures. Study 

sites include sub-tropical (Gatton, Queensland) and 

temperate (Mt Gambier, South Australia) dairy 

systems, and a second temperate 

(Clyde, Victoria) vegetable 

system. 

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, 

but their effectiveness is inconsistent across different soils, crops and climates. 

Information on the effi cacy and the ability of the inhibitors to decrease nitrous 

oxide production under Australian conditions is also very limited.

This project, led by Deli Chen (UM) is expanding on other PICCC enhanced 

effi ciency fertiliser studies to identify the major performance drivers of nitrifi cation 

inhibitors.

NITROUS OXIDE

The base of a 

chamber used to 

measure greenhouse 

gas emissions from the 

vegetable (celery) fi eld site.
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NITROUS OXIDE

The inhibitors are being tested in laboratory experiments on soils from a variety 

of climates relevant to the major Australian agricultural crops. Results to date 

show that a range of nitrifi cation inhibitors can reduce nitrifi cation and nitrous 

oxide emissions from soils but the effect is variable. Nitrifi cation rates varied more 

than 12-fold across the soils studied, and increased with temperature by up to 

200% for a 10° C rise in temperature. Increasing temperature reduced the effi cacy 

of the inhibitors by on average 65%, and by as much as 100% for each 10° C 

increase in temperature.

Further statistical work is required to identify more clearly whether there are any 

key drivers of inhibitor performance. 

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

JULY 2012 — JUNE 2015

Field trials have indicated that nitrous oxide emissions from dairy cow dung are 

about 70% lower than previously thought.

The research, led by Kevin Kelly (DEPI), has shown that dung emissions are 

around 0.15% of nitrogen applied, substantially lower than the emission factor 

of 0.50% applied in the national greenhouse gas inventory. The difference means 

that the inventory may be overestimating emissions from the dairy sector by over 

100,000 tonnes CO2 equivalent.

The ongoing trials are investigating the use of nitrifi cation inhibitors in dairy systems 

in south-west Victoria. The team are looking at the potential for an inhibitor to 

reduce direct emissions from urine and dung, using small plots excised from 

grazing. Animal waste is an important source of nitrous oxide in dairy systems, 

accounting for about 14% of total dairy greenhouse gases. Data from the trials to 

date suggest that the inhibitor reduces nitrous oxide emissions from urine by 25%. 

The fi eld trials have also investigated the use of inhibitor-coated fertilisers on dairy 

pastures to reduce emissions. Up to 50% of nitrogen applied as fertiliser can be 

lost as direct and indirect emissions, creating a signifi cant ineffi ciency in the 

system as well as a major source of emissions.

Using urea coated with the inhibitor DMPP, the 

researchers found a 50% reduction in nitrous oxide 

emissions from fertiliser application, confi rming 

results from earlier inhibitor studies. However, 

the results also showed that the use of 

inhibitors had no infl uence on pasture 

production.

Researchers are now investigating 

emissions from animal excreta 

in different seasons with, and 

without, the use of inhibitors.
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Increasing soil carbon in eastern Australian farming systems: 
linking management, nitrogen and productivity

JULY 2012 — JUNE 2015

Researchers are investigating the impact of farm management practices on 

soil carbon by assessing practices that previous research or farmer experience 

suggest may have the potential to sequester carbon. Led by Fiona Robertson 

(DEPI), the team are measuring soil carbon in farm paddocks and fi eld trials 

and using the data to validate simulation models, which will enable the fi ndings 

to be extended across eastern Australia. 

In recent trials, soil organic stocks (SOC) were compared under treatments in 

three long-term (12, 28 and 94 year old) fi eld experiments in two contrasting 

environments (Mallee and Wimmera regions). Inclusion of bare fallow in crop 

rotations reduced SOC (by 1.4–2.4 Mg C/ha, or 8–12%) compared with 

continuous cropping. In some circumstances, zero tillage and stubble 

retention increased SOC (by up to 1.5 Mg C/ha, or 8%), but not in others. 

Similarly, including a pulse crop (fi eld pea, where the grain was harvested) 

or a leguminous pasture (medic or lucerne) phase in rotations increased SOC 

in some circumstances (by ~6-8 Mg C/ha, or 29–35%, and by 3.5 Mg C/ha, 

or 21%, respectively) but not in others. However inclusion of a vetch green 

manure or unfertilised oat pasture in the rotation did not signifi cantly increase 

SOC compared with continuous wheat.

Researchers expect that the variable SOC responses observed were likely to 

be partly due to differences in nitrogen and water availability (and their effects on 

carbon inputs and decomposition) and partly to other, unidentifi ed, interactions. 

They concluded that the management practices examined so far may not reliably 

increase SOC on their own, but that signifi cant increases in SOC are possible 

in some circumstances through long-term use of multiple practices such as 

stubble retention + zero tillage + legume N input + elimination of 

fallow. Further trials are aiming to identify other interactions 

and infl uencing factors.

SOIL CARBON

Collecting 

soil samples 

for carbon analysis.
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As part of its aim to build the capacity of the primary industries to respond 

to a changing climate, PICCC offers a number of development opportunities 

including a postgraduate program for agricultural professionals, industry 

training, research supervision and scholarships, and short courses.

Postgraduate Certifi cate in Climate Change for 
Primary Industries

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

a collaborative offering between the DEPI and UM which was initiated in 2010 

as a professional development program for DEPI staff.

The course is delivered by leading academics from UM, ensuring the curriculum 

has a strong and up-to-date science base, while the DEPI infl uence in the 

collaboration has provided a practical orientation to the course content.

In its inception year all students were from DEPI, however over the subsequent 

three intakes the number of external participants (interstate and industry) has 

increased. The current (2013) intake is a mix of DEPI staff (50%) and regional 

and interstate agricultural professionals (50%).

The 2014 intake, scheduled for a mid-year start, was delayed by six months, 

with the lack of applicants refl ecting the shift in priorities (and available funds) 

within government, industry and the regions 

over the previous year. The 

next intake with be in 

January 2015.

Education and training
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Education and training

Carbon farming training for extension providers

PICCC has continued to deliver carbon farming training and development services 

for extension providers engaged under the federal government’s Extension and 

Outreach programme. The project is run in partnership with the University of 

Melbourne Commercial and the Carbon Market Institute who will continue in 

the collaboration until June 2015.

The key elements of the project’s training services are now underway: 

285 agricultural professionals having registered for the eLearning course and 

108 have completed the course; two face-to-face carbon farming training events 

have been delivered to around 100 extension offi cers; and a carbon farming 

update webinar has been hosted for 60 participants. 

Feedback from the events in dicates extension offi cers have highly valued the 

opportunity for networking and inter-project liaison afforded by the face-to-face 

sessions, along with the access to science updates provided by both the training 

events and webinar.

Two further carbon farming webinars are scheduled for the remainder of the 

project, along with one more face-to-face training event to be held in Melbourne 

in March 2015.

Postgraduate research

As a means of improving research capacity in the climate and agriculture sector 

PICCC offers a number of development opportunities for students. 

In 2013–14 the PICCC postgraduate research scholarship provided funding 

for two students at UM. Masters student Allene Macabuhay received a 

top-up scholarship to support her work with the AGFACE team, studying 

wheat traits that enable best performance under elevated carbon 

dioxide in a dryland cropping environment. Allene’s work has 

a particular focus on response to extreme heat events. PhD 

student Rui Liu received an operating grant to support her 

studies with the PICCC nitrous oxide team, 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.

In addition to this, most PICCC projects support 

postgraduate students at UM, the majority of 

whom are co-supervised by DEPI researchers.
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The key goals of PICCC’s communication activities are to raise the Centre’s 

profi le within partner organisations, funding bodies and other research and industry 

organisations; profi le PICCC’s research and education capabilities; and promote 

the benefi ts of the collaboration. The Centre’s communications strategy focuses 

both internally, in order to engage staff in the core partner organisation, and 

externally, to enhance the reputation and reach of the collaboration and research.

Communication activities undertaken in 2013–14 are outlined below.

PICCC research evaluation 

In mid-2014 the PICCC Board commissioned an evaluation of the effectiveness 

and outcomes of the collaboration. Over 50 PICCC stakeholders were interviewed 

by an external contractor, including staff, board members, funders, principal 

investigators and newsletter subscribers.

Key fi ndings highlighted the productive and high-quality nature of PICCC projects; 

the complementarity of skills, facilities and resources between the partners; and 

the additional strength that the Centre’s support provides for funding applications. 

The majority of researchers interviewed noted PICCC’s help with their project, 

though they were sometimes unclear about its specifi c impact. This was refl ected 

in some confusion among newsletter subscribers around the aims and activities 

of the Centre.

Importantly, the report found that PICCC had exceeded the original expectations 

of the founding partners and brought focus, structure and support to collaborative 

research between UM and DEPI.

In light of changing funding priorities and the now-established working relationships 

between UM and DEPI researchers, the report recommended that PICCC’s 

leaders consider how the scope of the Centre’s research activities can now be 

expanded across a broader set of researchers, research disciplines and localities 

to remain relevant and valuable.

Website

The PICCC website is updated on an as-needed basis, with project leaders 

continuing to take up the opportunity to customise their project’s webpage 

content. The current design has also allowed for better profi ling of news, social 

media and events, and the website’s value in promoting PICCC’s research and 

activities continues to grow.

Visits to the website have almost doubled in the past 12 months, compared to 

2012–13, driven in particular by interest in the AGFACE and methane projects, 

and the postgraduate certifi cate course.

Communication activities
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E-newsletter and bulletin

PICCC continues to deliver a bi-monthly e-newsletter along with occasional 

e-bulletins to its membership database. The opening up of the former to external 

subscribers, combined with a concerted effort to engage industry, investor and 

regional stakeholders with PICCC’s work, has seen the distribution list grow by 

almost 40% over the past 12 months.

Media engagement

PICCC research and staff have featured in a number of media outlets, including 

ABC Radio and rural newspapers. AGFACE research was heavily promoted 

leading to the publication of FACE research in Nature and following the AGFACE 

crop science workshop. PICCC researcher Rebecca Darbyshire was sought for 

expert comment on the fruit tree industry by various outlets following the extreme 

summer heat and subsequent mild winter.

Social media

PICCC joined Twitter at the start of 2014, and has used the platform to promote 

PICCC research and activities, tweet links and news of interest to our network, and 

engage with a wider audience than permitted by more traditional communication 

activities. The PICCC Twitter account has been particularly useful for tweeting 

presentation content in real-time from workshops and events like the Think Tank, 

and allowing more responsive communication of important news.

AGFACE Crop Science Workshop

PICCC hosted a two-day workshop for the AGFACE team in May, examining how 

the elevated carbon dioxide levels predicted for 2050 will affect crop nutrition, plant 

breeding, grain quality, and pest and disease threats. The event brought together 

over 70 DEPI and UM AGFACE scientists, leading local and international plant 

scientists, industry representatives and funding organisations. 

The workshop discussions and panel sessions provided program leaders and 

researchers with invaluable feedback and ideas for future directions of elevated 

carbon dioxide research in Australia.

Communication activities

Participants at the 2014 AGFACE 

Crop Science Workshop.
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