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CROPS FOR A 
CHANGING CLIMATE

The Australian Grains 

Free Air Carbon dioxide 

Enrichment program

Background

Atmospheric carbon dioxide (CO2) is 

predicted to rise above 550 parts per 

million (ppm) within this century with 

consequent changes to agricultural 

productivity. Because CO2 is critical 

to plant growth, the rise could offset 

some of the negative impacts of climate 

change on crop production by acting as 

a fertiliser to increase growth and yields. 

Alongside the ‘CO2 fertilisation’ 

effect, however, rising atmospheric CO2 

concentrations will also alter plant water, 

nutrient and below-ground dynamics, 

directly impacting on plant production 

and quality. The effects of these changes 

on crop productivity need to be quantifi ed 

so the grains industry can take advantage 

of the benefi ts and identify long-term 

adaptation strategies to a changing 

climate.
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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 Australian Grains Free Air CO2 

Enrichment (AGFACE) facility is one of 

six crop FACE sites internationally. It is 

an ‘outdoor laboratory’ investigating the 

effects of elevated atmospheric CO2 on 

wheat, pulses and oil seed crops under 

fi eld conditions. The research is intended 

to provide industry, pre-breeders and 

government decision makers with tools 

and information to make more effective 

and targeted decisions, ensuring that 

the Australian grains industry remains 

productive, sustainable and internationally 

competitive in a changing climate.

Research location

Located in Horsham in north western 

Victoria, in the heart of the Australian grain 

belt, the AGFACE facility is the only FACE 

site representing low rainfall, rain-fed 

grain production.

Research progress

The AGFACE projects fall under the following research themes, 

covering different aspects of crop physiology and production under 

high CO2 conditions.

CULTIVARS FOR THE FUTURE

Researchers are investigating crop traits with the potential to be exploited 

to produce cultivars better adapted to a high CO2 atmosphere.

Results from AGFACE showed that, on average, eCO2 increased yields 

by more than 20% and improved leaf level transpiration effi ciency of wheat. 

At the same time, however, eCO2 decreased nitrogen and other nutrient 

concentrations in vegetative biomass, including wheat grain protein, iron 

and zinc. 

Transpiration effi ciency is important to increase the effi cient use of water 

in the crop and potentially improve yields in dryland conditions. Although 

an eCO2 environment will likely result in a general increase in leaf level 

water use effi ciency, an AGFACE study showed that 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 this trait under eCO2 will provide an even larger 

gain than under current atmospheric concentrations, making it an important 

adaptation strategy. 

High tillering varieties of wheat were expected to have increased yields 

under eCO2, with studies from high rainfall environments showing a positive 

correlation between tiller numbers and yield. However, AGFACE results 

show that wheat types with restricted tillering capacity can gain similar 

yield increases as some freely tillering types if they have suffi cient plasticity 

in other yield components, such as a capacity to increase kernel weights. 

Field pea studies showed that mean yields increased by over 25% under 

eCO2. The wide range of yield response observed indicates ample genetic 

variation is available to inform breeding programs for responsiveness to 

elevated CO2.

GRAIN QUALITY

Achieving consistently high grain quality is almost as important to farmers 

as yields. Elevated CO2 is known to affect grain chemical composition, 

which in turn affects baking and milling quality traits. AGFACE studies 

showed a decrease of 2–7% in wheat grain protein and up to 10% in iron 

and zinc concentrations. Further research is needed to separate the effect 

of environmental infl uences (for example, water and temperature effects on 

grain protein under eCO2), but the fi ndings have important implications 

for both grain quality and human health under future climates. 

Program outline

AGFACE grows crops under both the elevated 

CO2 (eCO2) level expected in 2050 (550 ppm) 

and the current ambient CO2 level (about 

400 ppm). Researchers are studying wheat, 

pulses and oil seed crops and are able to 

manipulate water supply (rain-fed only and 

with supplemental irrigation) and temperature 

(through use of temperature-controlled 

chambers placed over the crop).

Researchers are aiming to generate data 

describing the impact of eCO2 on grain quality 

and functionality, agronomic traits and disease 

susceptibility.

The 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. Through a series of ongoing 

experiments, researchers are 

identifying breeding, agronomic 

and nutrient management 

strategies that will provide 

viable adaptation options 

for crop production in a 

higher CO2 environment.
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CROP MODELLING

The real world data on plant production under 

eCO2 collected from AGFACE has been used 

to validate crop models and improve crop yield 

projections that can be extrapolated to other 

regions. 

Researchers have tested different crop models 

against AGFACE experimental data, including 

the Agricultural Production Systems Simulator 

(APSIM) and the Catchment Assessment Tool 

(CAT), fi nding that while simulation of grain 

yield at eCO2 is reasonably accurate, there 

are inconsistencies between other major crop 

models used internationally, with more fi eld 

data and model refi nement needed. 

Future AGFACE modelling studies will assess the 

performance of a range of other crop models 

under eCO2. Researchers are developing new 

models to simulate the effects of rising CO2, 

higher temperatures and water scarcity on 

grain quality, and also validating extreme weather 

event simulations against experimental data. This 

component of research is associated with a large 

international effort to improve crop modelling 

response to climate variability and rising CO2. 

PEST AND DISEASE DYNAMICS

Researchers are studying barley yellow dwarf virus (BYDV) and its 

aphid vector, and crown rot in wheat to determine if eCO2 and higher 

temperatures infl uence pathogen prevalence, insect behaviour and 

interactions with the crop.

Data to date shows that elevated temperature was associated with a 

greater concentration of BYDV and earlier appearance of disease symptoms 

in wheat. These results have important implications for the epidemiology 

of BYDV under future climates. Crown rot severity was higher at eCO2 and 

high temperature but wheat lines performed differently. Confi rmation of the 

breakdown of crown rot resistance in some lines will provide vital information 

for Australian wheat breeding programs.

BELOW-GROUND PROCESSES AND NUTRIENT CYCLING

Investigations of the effect of eCO2 on plant production must also consider 

the below-ground aspects that determine crop resource use effi ciency. 

Elevated CO2 will cause changes in plant chemistry which will in turn 

change soil properties and processes. At the same time, direct eCO2 

effects on plant function will alter root architecture and function. 

SoilFACE studies have focused on phosphorus (P), nitrogen (N) and carbon 

(C) processes. Researchers have shown that although P and N uptake and 

nodule number in legumes increase under eCO2, the difference is due to 

increased above- and below-ground biomass production rather than from 

changes in specifi c root-absorbing capability or specifi c nodule function. 

Grain protein content in chickpea was reduced at eCO2 but in fi eld pea this 

depended on soil P levels: eCO2 increased pea grain protein concentration 

by 11% when soil P was limiting but had no effect at adequate P. Thus, 

the effect of future eCO2 on grain quality will be dependent on both the 

crop type and agronomic management. SoilFACE studies also showed 

that under eCO2, addition of non-legume crop residue may result in 

N immobilisation to the subsequent crop, possibly due to concomitant 

increases in the C:N ratio of crop residues. 

Taken together, soil experiments have shown that increased above- and 

below-ground crop biomass requires more N and P inputs for crops to 

take advantage of the ‘CO2 fertilisation’ effect. Legumes may become more 

important in future cropping systems to supply N to successive cereal crops 

but will only be able to supply this if suffi cient P is available for N fi xation.
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STRESS INTERACTIONS AND RESOURCE USE

The future climate is expected to become more extreme, particularly in 

terms of increased heat and drought events. A new series of AGFACE 

studies will examine 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. 

Plant lines with contrasting nitrogen and water use traits will be grown 

under eCO2. Different watering regimes will be applied, and short-term heat 

stress events will be at imposed at critical crop growth stages by placing 

temperature-controlled chambers over the crops. Above- and below-ground 

measurements and monitoring of resource use will be used to evaluate 

crop responses to heat and drought stress.

The study aims to improve understanding of how traits purported to 

increase water and nitrogen use effi ciency can help improve resilience to 

an increasingly variable climate under eCO2. The evaluation of resource use 

traits and their interaction with stress events may expand the available range 

of genes to develop cultivars better adapted to eCO2, drought and heat.

Funding 

AGFACE is jointly run by the Department of Environment and Primary 

Industries Victoria and the University of Melbourne, with funding support 

from the Grains Research and Development Corporation, the Australian 

Government Department of Agriculture and the Australian Research 

Council.

Further information

Project leader Glenn Fitzgerald, Department of Environment 

and Primary Industries

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

Tel 03 5336 6849

Project leader Michael Tausz, University of Melbourne

Email michael.tausz@unimelb.edu.au

Tel 03 5321 4310

Web www.piccc.org.au/agface


