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CROPS FOR AN 
EVOLVING CLIMATE

The Australian Grains 
Free Air Carbon dioxide 
Enrichment program

Background

Atmospheric carbon dioxide (CO2) is 

predicted to rise above 550 parts per 

million within this century. CO2 is the direct 

substrate of photosynthesis—the process 

by which green plants fi x solar energy and 

produce biomass. Increasing concentrations 

can stimulate plant growth and crop yield. 

This ‘CO2 fertilisation effect’ could potentially 

offset some of the negative impacts on 

crop production of increasing temperatures 

and more frequent and severe droughts. 

However knowledge gaps still exist about 

how to best realise this potential, and under 

which conditions it will be benefi cial. 

Experimental Free Air Carbon dioxide 

Enrichment (FACE) facilities are the only 

method to investigate agro-ecosystems 

under future CO2 concentrations in the 

fi eld. The Australian Grains Free Air 

Carbon dioxide Enrichment (AGFACE) 

facility is one of only six agricultural FACE 

sites internationally. It is the only FACE 

site representing low rainfall, rain-fed grain 

production and the only agricultural FACE 

site in the southern hemisphere.
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AGFACE scientists are studying many 

aspects of elevated CO2 interactions with 

fi eld grown crops to lay the foundations 

for crop production and agro-ecosystem 

management practices that are well 

adapted to future climates.

Research location

The research is being undertaken at the AGFACE 

facility in western Victoria, about 10 kilometres 

west of Horsham.

Program objective

To provide tools and information 

to the grains industry, policy makers 

and pre-breeders that will enable yield 

and grain quality to be maintained or 

increased, in order to ensure that the 

Australian grains industry remains 

profi table, sustainable and internationally 

competitive despite changes in climate.
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Program outline

AGFACE grows crops under both the elevated 

CO2 level expected in 2050 (550 parts per 

million) and the existing or ambient CO2 level 

(about 380 parts per million). Embedded 

within each of these two main treatments 

are two crop types (wheat and fi eld peas) 

and two levels of water supply (rain-fed 

only and with supplemental irrigation). 

The following subprojects in the AGFACE 

program are looking at different aspects 

of crop physiology and production.

CULTIVARS FOR THE FUTURE 

Researchers are aiming to identify plant traits 

responsive to elevated CO2 so that wheat 

cultivars better adapted to future conditions 

can be developed. New cultivars 

need to be able to capitalise on the 

‘CO2 fertilisation effect’ to maximise 

productivity in a high CO2 world. 

GRAIN QUALITY 

In addition to increasing plant 

biomass and yield, elevated CO2 

is known to reduce grain protein and 

micronutrients in cereals. This effect is 

less well documented but critical to future 

human and animal nutrition and food security. 

Changes in grain nutritional qualities would 

impact people most severely in developing 

nations where much of the food consumed 

is plant-based. Changes in grain chemical 

composition may also affect bread and 

noodle making quality traits, infl uencing 

wheat marketability. These aspects are 

being actively studied in AGFACE.

200 km

MELBOURNE
Horsham

0

N

Measuring 

leaf area in 

the laboratory.

CO2 enrichment rings 

at the AGFACE site.

H
a
n
s H

ille
w

a
e
rt



PULSE–WHEAT ROTATIONS 

This component of AGFACE studies the effects 

of elevated CO2 on fi eld pea and the rotation 

effects on wheat in a long term fi eld pea–wheat 

rotation system. Researchers are assessing crop 

physiology, grain quality, plant nutrition and pest 

and disease dynamics under rain-fed and 

irrigated regimes.

PESTS AND DISEASES 

The effect of elevated CO2 on pathogen 

and plant relationships is not well understood. 

Researchers are studying crown rot, Barley 

yellow dwarf virus and insect pests in wheat, 

and ascochyta blight in fi eld peas to determine 

whether there are direct changes in pest and 

pathogen behaviours or their interactions with 

the crop. Understanding this biotic component 

will help develop adaptation options, including 

more resistant cultivars. 

SIMULATION MODELLING 

Validation of crop simulation models is 

important for increasing our confi dence in 

predicted future climate change scenarios. 

These models will provide a mechanism to 

communicate future effects of elevated CO2 

on crop production across the Australian 

landscape through international and 

Australian networks.

BELOW-GROUND PROCESSES 

The interactions between elevated CO2 and soils 

have been rarely addressed. A complementary 

project, SoilFACE, is looking at the effect of 

three soil types on a fi eld pea–wheat rotation 

within intact soil cores under fi eld conditions. 

The effect of soil nitrogen fi xation from the pea 

crop is being studied in both the SoilFACE and 

core AGFACE facility. Researchers are aiming 

to identify any direct elevated CO2 effects on 

the rhizosphere and agronomic carry-over 

effects of soil nitrogen from the pea crop 

to wheat. Potential long term effects of soil 

nitrogen depletion, phosphorous and carbon 

are also being studied.
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Research progress 

Preliminary results have been collected from a 

number of components of the AGFACE program.

CO2 FERTILISATION 

Under the elevated CO2 treatment: 

• wheat yield increased by 10–40% at Horsham 

and 50–60% at Walpeup

• soil type had a major infl uence on yield 

response to elevated CO2 but the long term 

effects are unclear

• fi eld pea yields increased by 15–50% at 

Horsham, depending on the cultivar

• nitrogen uptake increased by over 20% in 

both wheat and fi eld pea, indicating more 

fertiliser may be required under elevated CO2 

• additional phosphorous fertiliser had a 

stimulatory effect on fi eld pea biomass, 

depending on soil nitrate levels.

GRAIN QUALITY 

Grain quality and nutritional aspects appeared 

to degrade under elevated CO2 at Horsham:

• wheat grain protein declined by 2–7%

• grain zinc and iron content declined 

almost 10%.

Identifying benefi cial traits to counteract this 

effect is important for food security and animal 

nutrition.

PEST AND DISEASE RESPONSES

Under the elevated CO2 treatment the 

pathogen that causes crown rot, Fusarium 

pseudograminearum, increased in fungal 

biomass. This suggests that, in the absence 

of high levels of varietal resistance, in future 

climates crown rot will result in a reduction 

in wheat yield and quality, particularly in 

drier years.

The fecundity of the aphid vector, 

Rhopalosiphum padi of Barley 

yellow dwarf virus decreased 

under elevated CO2. However 

feeding activity increased, which 

may result in changes to virus 

acquisition and transmission. 

Wheat plants infected with 

Barley yellow dwarf virus 

showed greater disease 

expression compared 

to plants grown under 

ambient CO2, indicating 

more severe disease 

outbreaks in future climates.

YIELD MODELLING

Preliminary modelling results based on the 

Intergovernmental Panel on Climate Change 

A1F1 2050 scenario predicted that wheat 

yield in Victoria would potentially: 

• decline by 10% in drier regions such as 

the Mallee 

• increase by 10–20% in wetter regions 

such as the Western District.

KEY ADAPTATION TRAITS

Studies of different wheat cultivars indicated 

that elevated CO2 promoted tillering both in the 

high and low tillering cultivars tested. Freely tillering 

cultivars seem to be better able to capitalise on 

additional CO2. However, restricted tillering is 

a desirable trait for rain-fed environments with 

terminal drought, and further research is required 

to determine if low tillering traits are suffi ciently 

maintained under elevated CO2. Cultivars selected 

for their superior leaf level transpiration effi ciency 

kept their relative advantage in this trait under 

elevated CO2. 
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Research team

DEPARTMENT OF PRIMARY INDUSTRIES 

Dr Glenn Fitzgerald Senior Research Scientist 

and Project Leader

Dr Garry O’Leary Senior Research Scientist

Dr Jo Luck Principal Research Scientist 

Dr Roger Armstrong Senior Research Scientist 

Dr Joe Panozzo Senior Research Scientist

Dr Jason Brand Research Scientist 

Dr Mahabubur Mollah Senior Research 

Scientist

Cassandra Walker Research Scientist 

Nathan Neumann Research Chemist 

Dr Nicole Mathers Research Scientist 

Dr James Nuttall Research Scientist 

Dr Piotr Trebicki Scientist 

Scott Brady Research Scientist

Russel Argall Senior Technical Offi cer

Roger Perris Senior Technical Offi cer

Jennifer Briggs Technical Assistant

Rebecca van de Geer Technical Assistant

Jason Ellifson Technical Assistant

Melanie Munn Technical Assistant

Simone Vassiliadis PhD student

THE UNIVERSITY OF MELBOURNE 

Dr Michael Tausz Associate Professor 

and Project Leader

Dr Saman Seneweera Senior Research Fellow 

Dr Sabine Posch Research Fellow

Dr Marc Nicolas Senior Lecturer

Peter Howie Technical Assistant

Shu Kee (Raymond) Lam PhD student

Nimesha Fernando PhD student

Lakmini Thilakarathne MPhil student

Humeira Sultana PhD student

CSIRO

Dr Sukumar Chakraborty Senior Principal 

Research Scientist

Paul Melloy, PhD student
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Funding

The AGFACE project is supported by funding from the Department 

of Primary Industries Victoria, the University of Melbourne, CSIRO, 

the Grains Research and Development Corporation and the Australian 

Government Department of Agriculture, Fisheries and Forestry under 

its Australia’s Farming Future Climate Change Research Program. 

Other national and international research groups are collaborating 

with various aspects of the AGFACE program.

Further information

Glenn Fitzgerald

Email glenn.fi tzgerald@dpi.vic.gov.au

Tel 03 5336 6849

Michael Tausz 

Email michael.tausz@unimelb.edu.au

Tel 03 5321 4310

Web www.piccc.org.au/AGFACE 

The Primary Industries Climate Challenges Centre (PICCC) 

is a joint venture between the University of Melbourne and 

the Department of Primary Industries Victoria.
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An aerial view of the AGFACE site.
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