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Introduction 
 
Atmospheric CO2 levels have risen from 295 ppm (1900) to 379 ppm in 2005 
(Sommerville et al. 2007). By 2100 these levels may reach over 1000 ppm. 
Concurrent with this CO2 rise will be rises in global temperature and global shifts 
in rainfall amount, intensity and distribution. All these factors affect Australian 
wheat production and quality. Interactions among CO2 and the other factors will 
also significantly affect production in the Australian wheat belt. However, there 
are no solid Australian field data on these interactions of climate and CO2.  These 
data are needed to provide a basis for government and individual farmers to 
create policies that prepare the Australian grains industry (worth $7 billion pa) for 
the impacts of global climate change.  
 
To rectify this deficiency, the grains agronomy team from DPI in partnership with 
The University of Melbourne were been requested to design and commission a 
National Free Air Carbon Dioxide Enrichment (FACE) array. Funding for the total 
project will be approximately $7 million cash and in kind over 4 years, and the 
development of the array will be phased in during that time.  Funding will come 
from the partners as well as the Australian Greenhouse Office, the Grains 
Research and Development Corporation, other state and federal government 
organisations, universities and the Australian Research Council. International 
collaboration has also commenced with a project in China with the Chinese 
Academy of Agricultural Science (Beijing).  As well, we have developed linkages 
with other FACE groups in China, Europe and the USA to ensure maximum 
relevance and productivity from the project.  
 
The array will consist of a core facility of sixteen 12 m diameter CO2 emitting 
rings at Horsham along with necessary control systems and present day 
comparison areas.  The core facility will be supplemented by up to six smaller 
systems, each of twelve 12 4 m diameter rings located in regions of strategic 
significance to the Australian grains industry. These rings are placed within a 
wheat crop and then CO2 is injected to form an open air “bubble” where the local 
atmospheric CO2 concentration mimics future atmospheres. Changes to 
temperature, water and fertility can also be made to accurately mimic all aspects 
of the future environment. The first demonstration unit was installed at the Plant 
Breeding Centre, DPI Horsham in March 2007 with the first fully operational units 
commissioned by June 2007. This facility will generate detailed data sets on the 
field responses (yield, quality and sustainability) of wheat to elevated carbon 
dioxide levels. The data will include interactions with water, nutrition and 
genotypes mimicking future response. These data will then be made available to 
crop systems modellers to calibrate and extend existing crop simulation models 
to incorporate possible outcomes into future industry strategies 
 
Phase 1 of the project is to establish a facility of 8 elevated CO2 rings and 8 
ambient CO2 rings each of 12 m diameter (midi-FACE) at Horsham.  This will be 
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the core site for the research project.  Phase 1 has been funded and commenced 
in October 2006 and the site will be planted in June 2007. 
 
Phase 2 is to establish one additional field site, either at Hamilton or Walpeup 
(Victoria) with 6 elevated CO2 rings and 6 ambient CO2 rings each of 4 m 
diameter (meso-FACE).  Phase 2 planning has commenced, is partially funded, 
and the first site will be planted in June 2008. 
 
Phase 3 is to establish additional meso-FACE sites in areas representing the 
spread of the current agro-ecological zones relevant to the Australian grains 
industry.  As yet phase 3 is unfunded.  
 
The project is being led by Dr Rob Norton from The University of Melbourne and 
Dr Chris Korte from the Victorian Department of Primary Industries.  Dr Korte has 
taken over from Professor David McNeil who initiated the project with Dr Norton, 
but has since moved to the Tasmanian Institute of Agricultural Research.  The 
project intends to use the current National Committee on Elevated CO2 
Experimentation (NCECE) as a reference group.  Members of that committee are 
T Reeves (Independent Chair), G Fraser (GRDC), P Canadell (CSIRO 
Atmospheric Research), S Barlow (University of Melbourne), I McKinnon (grain 
grower), I McKinnon (ARC), D Poulter (DAFF), W Steffen (ANU), D Ugalde, W 
Slattery, A Swirepik and M Searson (all Australian Greenhouse Office).  Both Dr 
Norton and Dr Korte will be co-opted to this committee.  The project will seek 
guidance and support from this National committee as well as information from 
the standing committee established to advise the National committee on 
technical issues.  These groups are expected to meet at least annually over the 
duration of the project and to visit the Horsham site during the autumn of 2007 to 
discuss progress. 
 
 
Purpose of this document 
 
This document provides general guidelines for the establishment of 12 metre 
diameter FACE (termed midi-FACE) experiments on wheat cropping systems in 
Australia, as a contribution to the national program on understanding the risks of 
climate change to Australia’s grains industry.  
 
This experiment is intended to be a stand alone study researching a number of 
critical environmental and genetic factors on wheat production in regional 
Australia under global climate change, but will link to other meso-FACE 
experiments that will be initiated across the grain production regions in 2008.  
 
The document provides details on the experimental layout, statistical design, plot 
layout within each ring, pre-establishment management, data collection and 
rotational practices for this experiment.   
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Key Research Questions (Taken from Canadell et al. 2007) 
 
Over the last two decades dozens of studies have been conducted all over the 
world in order to understand the effects of elevated CO2 on growth and yield for a 
number of annual crops.  For example, Amthor (2001) reviewed elevated CO2 
impacts on wheat growth. However, most of these studies were conducted in 
laboratory growth conditions and only a few in the field. Of all these experiments, 
there have been relatively few that have been carried out under realistic field 
conditions for wheat, using the best CO2 enrichment technology currently 
available - Free CO2 Enrichment experiments. Comprehensive FACE 
experiments have been conducted in Arizona, US (Kimball et al. 2001), Italy 
(Miglietta et al. 1996), and Germany (Weigel, in preparation). In addition to these 
studies, a large number of modelling experiments have also being undertaken 
using both field and laboratory data sets. 
 
In spite of the large body of scientific literature generated from laboratory and 
field studies on the effects of elevated CO2 on plant growth and function, there 
have been no experiments carried out under field conditions that would be 
considered relevant to the Australian cropping industry. In comparison to 
northern hemisphere cropping systems the Australian grains industry uses 
minimal amounts of nitrogen fertiliser and Australian environments are typically 
low rainfall (<500 mm) on a world scale.  
 
Most FACE experiments have not restricted the supply of nitrogen or water for 
plant growth and have concentrated only on the effects of elevated CO2 rather 
than the impacts of climate change in toto.  An exception is the water limited 
treatment in the Arizona FACE experiment (Kimball et al. 2001), however even 
this treatment received irrigation water that exceeds the annual rainfall obtained 
for many cropped soils in the Australian wheat belt. In addition, the genotypes 
tested in these FACE experiments are different to those grown in Australia. 
 
There are key knowledge gaps in the interpretation of FACE experiments for 
projecting the likely impacts of climate change on plant growth and function in 
Australian farming systems.  These gaps include the confounding impacts of 
increased temperature, decreased annual rainfall and an increased reliance on 
fertilizer nitrogen.  The Australian grains industry already experiences extended 
dry periods and high temperatures during the growing season, and the current 
projections indicate higher temperature and more frequent and intense periods of 
drought.  FACE experimentation for the Australian wheat belt will require a 
comprehensive multi-factor approach if it is to have relevance in designing 
resilient farming systems in a future climate. 
 
While water, nitrogen and genotype can be applied as treatments within an 
environment, it is significantly more difficult to alter ambient temperatures within a 
single environment. The use of meso-FACE experiments will provide an 
opportunity to build an array of sites across different agro ecosystems with 
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different temperatures, and thus differentiate between the confounding factors of 
temperature and rainfall.  
 
The working Research Hypothesis for the proposed experiment, particularly 
when focusing on the rain-fed wheat industry, is: 
 
 
Increasing atmospheric CO2 will increase crop water use efficiency and so 
increase overall productivity and partially alleviate the negative effects of low 
water availability, high temperatures and a high demand for nitrogen. 
 
 
The research questions to be tested will address a wide range of critical 
processes, combinations of environmental conditions and practices, and 
genotypes. Whilst the specific experimental research questions will clearly 
emerge once the site selection is done, some of the high level research 
questions are: 
 

·  Will elevated CO2 concentrations partially alleviate the impact of water 
stress and the effects of increased climate variability in a future warmer 
climate? 

·  Will higher yields in a CO2-rich atmosphere come at a financial cost? (e.g. 
need for larger nitrogen supply to maintain grain protein content) 

·  Are there significant differences in the CO2 responses from different 
genotypes that could be utilised to maximize productivity? 

 
These research questions will help to evaluate the effects of the key interactions 
between higher CO2 and four critical factors on yield responses with; 

o an increase in temperature, 
o reduced water availability (resulting from climate, climate variability, 

and soil properties) 
o increased demand for nutrients linked to soil properties and N supply 

(fertiliser or N-fixation), and 
o an understanding of genotype differences (identify those most suitable 

to future climate conditions). 
 
 

Field Layout 
 
The Horsham experimental site is located at the Victorian DPI Plant Breeding 
Centre, located approximately 10 km west of Horsham (latitude 36o45’S, 
longitude 142o06’E, approximate elevation 90 m).  The site is on an existing laser 
controlled land-formed irrigation layout in bays approximately 45 m centre to 
centre and falling to the south.  At this site, the prevailing winds are from the 
southwest in winter.  The site was sown to faba beans (Vicia faba) in 2006 and 
some areas were irrigated.  
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The soil type on which the experiment is located is a vertosol (Isbell 2002), which 
is an alkaline cracking clay soil typical of much of the Wimmera cropping region.   
 
Sixteen experimental areas will be established, eight with elevated CO2 and eight 
with ambient CO2 levels.  Each experimental area is octagonal and CO2 is vented 
from the three up-wind octals to enable gas mixing across the “ring”.  The 
octagons (“rings”) are 12 m in diameter with a 4 m sown buffer around the 
outside of the ring.  To prevent contamination between rings, separation 
distances of at least 5 diameters (60 m) between ring perimeters will be used, 
and the field layout will have four blocks each of four rings.  Eight of the rings (4 
with elevated CO2 and 4 without) will be supplied with additional water by 
irrigation (equivalent to extra 150 mm rainfall) and the other 8 will receive only 
ambient rainfall. The blocks and columns will be laid out as Latin square with 
equal numbers of each treatment in each row and column.  This layout should 
allow site trends to be accounted for in the data analysis.  Figure 1 shows the 
field layout proposed and the supply of services to each ring.  
 
 

 
Figure 1 Site layout at Horsham, red spots indicate elevated CO2 and green 
spots ambient CO2.  The supply lines are Class 12 polyethylene pipe (90 mm and 
63 mm).  240v power is co-located in the trench.  Ring numbering is indicated. 
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Carbon dioxide is supplied and stored as liquid CO2 from a bulk container.  The 
liquid is vapourised on site and piped through polyethylene pipes to deliver a 
working pressure of 800 kPa at the site of each ring.  As well as water and CO2, 
each ring will have 240 v power supplied at the edge of the ring, which will be 
converted to 12 v or 24 v for use in monitoring and control equipment in the ring.  
Each ring will also be linked via a radio modem to a central computer for data 
acquisition and storage.   
 
The experimental area has been surveyed using EM38, EM31 and geomatics to 
give an appreciation of the level of intrasite variation.  The specific location of 
each ring has been based on the results of these data to ensure the starting 
conditions are as uniform as possible.  In addition, reference soil samples have 
been taken at the commencement of the experiment, and analysed for soil 
chemical properties.  A sub-sample from each ring will be archived for future 
reference. 
 
The main plot effects will be CO2 enhancement (two levels – ambient (380 ppm) 
and elevated (550 ppm) combined with water supply (two levels – incident and 
incident plus 150 mm).  The actual amount of water applied will be aimed at 
providing a 25% yield increase over the incident rainfall.  The intention with the 
watering treatments is not to provide drought conditions, but to provide a water 
supply contrast that will enable the CO2 effects to be expressed.  Average 
seasonal (May to November) rainfall is approximately 220 mm, so that the 
supplemented rainfall will be equivalent to approximately 370 mm).  The actual 
water management strategy will be determined by the seasonal conditions.   
 

·  If there is a dry start, some pre-irrigation will be used on all rings,  
·  If there is a likelihood of very wet conditions prior to sowing, the “incident” 

rainfall plots will be covered to reduce the amount of stored water prior to 
sowing.  Over the past 20 years, this strategy would reduce stored water 
by an average of 40 mm (a range of 0 to 80 mm in the top 1.0 m of soil).   

·  In most seasons, supplementary irrigation would be added from the 
commencement of anthesis.  With the two sowing times together in the 
same ring, supplementary water will be timed to anthesis in the earlier 
sowing. 

·  There is a chance that in very wet seasons, there may be no response to 
added water. 

 
To assess the risk associated with having the experiment “rained out” in a wet 
year – where the season is so wet there is no response to irrigation, a simulation 
was undertaken and is reported in Appendix 3.  This shows that for 1 year in 20 
we would not get a significant response to irrigation, when starting conditions 
were 90 mm of stored soil water. 
 
Water will be supplied through a reticulation system to every ring and applied 
using overhead sprinklers or similar, with the emphasis on ensuring even 
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application across the whole ring.  Actual flow rates and the number and timing of 
irrigations will depend on seasonal conditions. 
 
Each ring will be divided in half along its north-south axis, and each half ring will 
be sown at one of two sowing times.  Having different sowing times allows for 
some assessment of the interaction with higher temperatures and higher CO2 
levels.  Sowing times will be approximately 6-8 weeks apart – with the first 
sowing planned for the first week of June each year.  Based on the long-term 
weather data for this site, this would equate to about 2oC higher temperature 
during grain fill for the later sown crop.  Based on the simulation exercise in 
Appendix 3, having a larger difference (>6 weeks) between sowing times 
indicates a yield difference of 0.5 t/ha, a difference which should be able to be 
statistically resolved under field conditions.  
 
The watering strategies will interact with the thermal regimes generated by the 
two times of sowing to provide four different sets of growing conditions in each 
year, with and without elevated CO2. 
 
 
Plot and experimental layout within the rings 
 
Experimental plots will be sown north to south with a WinterSteiger PlotMan 
precision cone seeder.  This sows eight rows on 217 mm row width and has a 
sowing width of 1.74 m and can sow plots end on down to 4.0 m with little overlap.  
Plots will be sown on 1.8 m centres which provide pathways between adjacent 
plot.  This gives a nominal plot size of approximately 4 m X 1.8 m (7.2 m2).  This 
is the smallest possible size and is at the limit for measuring soil water content 
and is at the limit of lateral flow between adjacent plots.   
 
Based on previous experience of measuring water extraction on these soils, 
there is likely to be only small differences due to applied N (~30 mm, Norton 
1993, Norton and Wachsmann 2006), and even smaller differences between 
varieties.  Differences of this magnitude are at the limit of detection in the field 
using the current methods for assessing soil water content (eg neutron probes), 
as the standard deviation for soil water content is normally about 5% of the mean, 
so that in a profile with 450 mm in the top meter or approximately 25 mm.  
Therefore detecting differences less than 30 mm is unlikely.  Therefore, only one 
treatment per half ring will be monitored for water extraction using a neutron 
probe, and this will be the N1V1 treatment. 
 
For the main experiment, within each half ring, there will be six of these plots 
(centre row of 3, intermediate row of 2 and 1 plot at the edge – see Figure 2).  
Two N treatments (N1 and N2) on one cultivar (V1) and one N treatment on the 
other cultivar (V2) will be randomised to the six plots in two blocks of three.  One 
block will be used for destructive sampling of plants during the growing period 
and other for non-destructive monitoring and the final grain yield.  The two 
nitrogen treatments are no added nitrogen (N1) and nitrogen (as urea) 
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topdressed during early growth.  The two cultivars in 2007 (wheat) are Yitpi (V1) 
and Janz (V2).  The plan for 2008 is to sow canola in the experimental area using 
the same field plan.  The randomisation of treatments to rings and plots will not 
change over these three years other than a wheat-canola-wheat roation. 
 
Each half ring will be blocked into two areas, one where the samples are taken 
destructively during growth (A, D, F and L, G, I in Figure 2).  A neutron probe 
access tube will be located in one of the other three subplots and this is also 
where the final biomass and grain harvest will be made, as well as other non-
destructive measurements made during the growing season.  The current layout 
is designed for mechanical seeding with access to all plots made through the 
pathways left between sowing strikeouts. 
 

 
 
Figure 2 Experimental lay-out within each ring.  A to L are plots for Trial 1, with (A, 
D, F) and (G, I, L) being the blocks used for destructive monitoring and the 
remaining plots for non-destructive monitoring and final harvest. There will be two 
plots of each of the following treatments within each half ring - V1N1, V1 N2 and 
V2N1.  The white or yellow areas m to t represent additional sampling areas 
available for particular plant biology or soil/plant interaction studies (see text).  A 
4 m buffer (yellow) will be sown around each ring. 
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The size of the “edge effect” around the ring is unknown, but there will be buffers 
plots sown outside the plot areas as indicated in Figure 2 and to provide a 4 m 
buffer around the whole area. 
 
Additional small and irregular experimental areas within the ring are available 
(Figure 2, areas m,p, t, q), but they would be half the length of the main plots and 
located at the edge of the rings.  This part of the experimental area is likely to 
experience the highest level of CO2 variation.  These areas have been made 
available to a Plant Biosecurity CRC research group led by Dr Jo Luck (Victorian 
DPI), who will establish stripe rust, crown rot and barley yellow dwarf virus 
experiments under elevated CO2. This group will plant and infect susceptible 
wheat plants with stripe rust and monitor disease build up.  It is anticipated that 
these activities will not affect the main experiment within the rings as the plots will 
be sprayed with fungicide as part of the management strategy. 
 
The areas n, o, r, s around the ring edges in Figure 2 may be used for inserting 
removable intact soil cores (for example 1 m deep by 30 cm diameter) in the 
rings at these places.  These cores are taken from target soils using a large 
boring machine, transferred into PVC tubes and the bottoms capped.  They can 
then be located into an oversized sleeve located in one of the positions indicated 
and sown with appropriate treatments.  By taking soil cores from other locations, 
the implications of elevated CO2 on particular growth and root distribution on soil 
types can be evaluated.  This is not being undertaken in 2007. 
 
  
Statistical design and planned analysis of the core experiment 
 
The treatments in the core experiment are 24 factorial combinations of two 
carbon dioxide levels, two water levels, two sowing times and three nitrogen and 
genotype treatments (2 x 2 x 2 x 3 =  24) with four replicates.  This gives a total 
of 96 plots for destructive sampling and 96 plots for non-destructive or maturity 
harvest measurements, 
 
At the ring level there are two treatments in factorial combination, and the layout 
of the rings is as a 4 x 4 Latin square.  Times of sowing are randomised to half 
rings, balancing on ring treatment and bay (but not row). The six main plots in 
each half ring are separated into two blocks (for destructive sampling or maturity 
harvest) and cultivar-nitrogen treatments are randomised to three plots within 
each block. Based on this design, the outcomes can be analysed using analysis 
of variance (ANOVA) with the full ANOVA table expected to be as follows:  
 
Analysis of variance for core experiment 
Block structure: (Bay*Row)/HalfRing/Plot.  
Treatment structure: CO2*Irrigation*TOS*Variety/Nitrogen 
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Source of variation d.f. 
Bay stratum 3 
Row stratum 3 
Bay.Row (= Ring) stratum  
 CO2 1 
 Irrigation 1 
 CO2.Irrigation 1 
 Residual 6 
Bay.Row.HalfRingID stratum  
 TOS 1 
 CO2.TOS 1 
 Irrigation.TOS 1 
 CO2.Irrigation.TOS 1 
 Residual 12 
Bay.Row.HalfRingID.PlotID stratum  
 Variety 1 
 CO2.Variety 1 
 Irrigation.Variety 1 
 TOS.Variety 1 
 Variety.Nitrogen 1 
 CO2.Irrigation.Variety 1 
 CO2.TOS.Variety 1 
 Irrigation.TOS.Variety 1 
 CO2.Variety.Nitrogen 1 
 Irrigation.Variety.Nitrogen 1 
 TOS.Variety.Nitrogen 1 
 CO2.Irrigation.TOS.Variety 1 
 CO2.Irrigation.Variety.Nitrogen 1 
 CO2.TOS.Variety.Nitrogen 1 
 Irrigation.TOS.Variety.Nitrogen 1 
 CO2.Irrigation.TOS.Variety.Nitrogen 1 
 Residual 48 
Total 95 
 
The two-way blocking structure for the ring treatments was used because of the 
slope and consequent flow of water down the irrigation bays noted in the 
geomatic surveys as well as potential between-bay trends (along rows) which 
have been noted previously at the site. If the variation due to rows turns out to be 
negligible, the row stratum could be ignored and merged into the residual error, 
resulting in 9 degrees of freedom for the residual error in the ring stratum for 
comparison of CO2 and irrigation treatments. 
 
Carbon dioxide 
The target atmospheric CO2 concentration should be the same as that chosen for 
the major-FACE experiment and it is proposed to be 550 ppm. This concentration 
of atmospheric CO2 is expected to be reached in about 2050, according to 
conservative emission scenarios using a range of global climate change models 
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as reported by the IPCC (2001). A concentration of 550 ppm for atmospheric CO2 
has been used widely in many FACE, meso-FACE, and mini-FACE experiments 
around the world. The use of the same concentration in the Australian midi-FACE 
and meso-FACE experiments will provide a level of compatibility of the Australian 
data with international data sets for comparison purposes. 
 
Water 
Given the overriding importance of water availability for rain-fed wheat cropping 
and the interaction with temperature, varying water supply and treatments and 
add-on water experiments are key components of the experimental portfolio. The 
experimental design should have the capacity to measure water use through the 
soil profile exposed to root exploration (e.g. by neutron probes, Time Domain 
Reflectometry) to determine water availability and utilisation at various depths in 
the soil profile. This will also allow determination of the efficiency of CO2 use by 
the crop in response to water availability at different depths and times during the 
growing season.  For example, it may be that CO2 interacts with increased water 
availability to increase leaf index/crop growth but not actually contribute to grain 
yield. 
 
Water supply will be monitored through soil moisture status and crop water status 
which will be monitored using canopy temperatures measured by infra-red 
thermometry.  Key times to consider adding additional water are during stem 
elongation leading up to anthesis, and during grain filling after anthesis.  It will be 
possible in most seasons to extend the growing season by applying 
supplementary water after anthesis, as crop senescence usually occurs in 
response to water deficit and elevated temperatures.  It is anticipated that the 
additional water will be applied to the irrigation treatments around anthesis for the 
early sowing time.  Additional water, of the order of 150 mm will be applied. 
 
Manipulation of water is not intended to undermine the regional or seasonal 
variation that is required to populate the model, however conditions will need to 
be managed so that the crop somewhat conforms to the usual or projected 
climatic conditions. 
 
Temperature (sowing times) 
Two sowing times will be used to provide different thermal regimes during crop 
development.  Sowing times will be approximately 6-8 weeks apart, with the first 
time of sowing in early June and the late sowing mid to late July.  Based on our 
current understanding of crop development patterns, a variety such as Yitpi 
would have a development pattern as indicated in Table 1.  The consequence is 
that the mean temperature in the ten days following anthesis is about 2oC higher 
with the later sowing time. 
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Table 1:  Expected development pattern of a mid-season variety such as Yitpi at 
two sowing times. 
Sowing Date DC 30 Flowering Maturity Mean Temp 10 

days after 
Flowering 

June 01 Aug 23 Oct 18 Dec 07 14.8 
July 15 Sep 18 Nov 05 Dec 20 16.8 
 
 
Nitrogen 
Supplementary nitrogen will be added to one in three plots, those randomised to 
N2.  Depending on the deep soil nitrogen test values taken prior to sowing, a 
certain amount of nitrogen will be applied as urea either drilled immediately 
before sowing or topdressed at DC30 and possibly at DC65.  The site has been 
soil tested (0-10, 10-20 and 20-50 cm) but the results are yet to be received.  The 
area was sown to field beans in 2006 and in an attempt to reduce the 
background N level.  Soils will be re-tested after the millet crop and before 
sowing.   
 
The N1 treatment not have any applied N, but the N2 treatment will simulate a 
luxury or non-limiting nitrogen supply.  Urea will be banded just prior to sowing in 
this N plots, and the crop will be monitored for N status (shoot number, SPAD 
reading, NDVI and biomass at DC30) at the end of tillering and additional N 
applied as required.  This monitoring and action program will be repeated at 
anthesis as well.  Typically the N treatment would be 30 kg N/ha as urea at 
sowing plus an additional 30-50 kg N/ha at end of tillering for the irrigation 
treatment.  The same N treatments will be applied to the rainfed and irrigated 
treatments. 
 
Cultivar 
Analyses of different genotype responses are critical because they will be a key 
component in designing adaptive strategies for future environmental conditions.  
At the science meeting convened in October, Dr van Ginkel (Victorian DPI) 
presented a review of 60 papers relating to wheat in FACE experiments but 
noted that very few had several varieties tested in the same experiment.  In those 
experiments where varieties were compared, there were often differences noted.  
The traits proposed that have potential genetic responses that would interact with 
elevated CO2 are phenology, photosynthetic rate, nutrient use efficiency, storage 
carbohydrate dynamics and grain quality.  It is therefore proposed to include two 
cultivars in this experiment, using the current industry standard Yitpi (V1) and 
compare this to Janz (V2) which is a cultivar with a somewhat different genetic 
background and agronomic fit (Table2) and also have somewhat different 
disease responses (Table 3) 
.   

·  Yitpi is the most commonly grown Victorian cultivar and is Australian Hard 
(AH) quality with resistance and tolerance to cereal cyst nematode (CCN) 
and moderate resistance to the rusts. It is boron tolerant, large grain and 
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low screenings. Yitpi is displacing Frame due to its higher yield and 
improved grain quality. Suits low – medium rainfall areas. 

·  Janz is a very widely adapted Australian Hard (AH) quality variety. 
Susceptible to CCN and resistant to stem rust with minimum required 
resistance to stripe and leaf rust. Suits medium – low rainfall areas.   

 (from Bedggood and Bedggood 2004) 
 
 
Table 2  A comparison of Janz and Yitpi cultivars in terms of agronomic 
characteristics (Bedggood and Bedggood 2004). 

Head type  
Soil 

tolerance  Cultiva
r 

Screen
ings 

Maturit
y Height  

Coleo
p 

length  

Lodgin
g 

Sprout
ing  Colo

ur  
Aw
n 

Boro
n 

Acid  

YITPI MR M M ML M - W Y MT  

JANZ MS E-M M M M I W Y I I 

 
These varieties have been well characterised and have genetic parameters 
already available for inputs in the modelling component.  Asseng et al. (2004) 
published some modelling studies on wheat response to elevated CO2 and 
provided genetic coefficients for the cultivars Kulin and Spear.  Other models 
have provided coefficients for a range of cultivars, and selection is based on 
current local adaptation, resistance to diseases and industry relevance. 
 
Table 3  A comparison of Janz and Yitpi cultivars in terms of disease responses 
(Bedggood and Bedggood 2004). 

Root Lesion 
Nematode 

Rust CCN P. 
neglect

us 
P. thornei 

 

Ste
m 

Strip
e 

Le
af 

Re
s 

Tol 

Yel
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leaf 
spo

t 
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Seed will be graded and dressed with fungicides which should provide some 
early season protection from stripe rust and seed borne diseases. 
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Experimental design 
In summary, the experimental treatments in the core experiment will be: 

Ambient CO2 & 550 ppm CO2 
 Ambient water supply & Supplementary Irrigation 
  June sowing & Mid-July sowing times 
   2 cultivars 
   2 nitrogen treatments on one cultivar    
  
This gives a total of 24 treatments, with 4 replications. 
 
The use of split plot designs was identified as the most efficient for FACE 
facilities (Filon et al. 2000), with two way nested designs and split plot designs 
having similar power in testing CO2 main effects.  Those authors recommended 
the use of a second treatment factor with many levels within each ring in order to 
obtain split-plot designs that provide a powerful test of interactions between 
treatment factors. 
 
 
Carbon dioxide management 
 
Because of the expense of CO2 and its high use rates in FACE experiments, 
there is a need to manage CO2 use to achieve the desired crop modelling 
outputs while balancing the cost of this input.  As photosynthesis and CO2 uptake 
only occurs during daylight, it is proposed that the atmosphere would be enriched 
only during the day.  It should also be noted that in a modelling sense, neither 
APSIM nor DSSAT have night-time phases considered which may not 
necessarily address diurnal respiration patterns.  While an issue of physiology, 
until day-night time step models are available, there would appear no particular 
benefit from enriching CO2 during the night. 
 
Aside from the modelling issue there is some evidence that high CO2 levels will 
occur in respiring canopies anyway, and there is some evidence that altered 
night-time CO2 levels can affect soybean growth (Griffin et al. 1999). 
 
Enrichment of atmospheric CO2 would commence once the crop has emerged 
and terminated at physiological maturity.  Because photosynthesis is temperature 
dependant, where ambient temperatures are more than 4oC will CO2 be 
supplemented and not added when temperatures fall below this temperature.   
 
As a management strategy to minimize CO2 use, where wind speeds are greater 
than 10 m/s supplementation will cease.  Wind speeds greater that 10 m/s result 
in large boundary effects around the ring, which makes the results from these 
times unreliable. 
 
These operating conditions are similar to those used in other grains FACE 
experiments where the focus is on crop responses.  A consequence of the 
diurnal and seasonal CO2 use is that soil responses within the meso-FACE and 
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macro-FACE systems may not necessarily reflect the conditions experienced by 
the soil under elevated CO2 and climate change. 
 
During the first months of operation, a multiport sampler will be designed and 
used to take CO2 profiles across one of these rings.  This will provide information 
on the variation of CO2 and therefore the edge effect for the experimental areas.  
The target for the operation of these rings is to operate with 80% of the ring at 
90% of the target CO2 concentration for 80% of the time.  This operational 
parameter is similar to those published (eg Okada et al. 2001).  Protocols for this 
study are currently being developed and the results of this assessment, along 
with a description of the site and facility will be the basis of the first publication 
from the project. 
 
 
Site management protocols 
 
The sowing rate to use will be selected based on seed weights required to give a 
plant population of approximately 175-200 plants/m2.  With a 100 kernal weight of 
4 g and a 90% establishment percentage, this would indicate a sowing rate of 
approximately 80 kg/ha (64 g per plot).  Seeding rate will be adjusted to provide 
this approximate plant density. 
 
Phosphorus will be used at commercial best rates (15 kg P/ha as 
superphosphate, with 2% Zinc) applied at sowing with the seed. 
 
Pest, weed and disease control will be undertaken using best practice.  
Preventative or protective measures will be implemented such as the use of pre-
emergence herbicides, protectant fungicides and strategic insecticide use.  Seed 
dressings will form part of this strategy. 
 
Care will need to be taken with plot access and this will be kept to an absolute 
minimum.  Pathways within the plots will be constructed as the soil type is 
particularly sticky when wet which can lead to plot damage.  Taking neutron 
probe readings will be done from a platform adjacent to the access tube so plot 
disturbance is minimal. 
 
Wheat will be sown in 2007, canola in 2008 and then wheat again in 2009.  The 
nitrogen, water and CO2 treatments will remain fixed to the current plots so that 
plot treatment effects do not lead to confounding of experimental treatments.  If 
the site was re-randomised after each year, there would be uncertainty about soil 
N (in particular) so that this effect could be missed.  
 
Where possible, imaging of the site will be undertaken using the range of 
technologies available.  This may be from towers or low airborne platforms. 
 
Alternatively, it is possible to move the rings to an alternative (but adjacent) site, 
which is specifically prepared. 
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Modelling and minimum data set requirements 
 
Undertaking experimental manipulations in the field and then linking those 
experiments to sophisticated crop simulations models,are the two fundamental 
components of the proposed National Elevated CO2 Experiment.  It is expected 
that the experimental results obtained from the FACE experiments will provide 
information on realistic wheat yields in a future CO2-rich world under Australian 
conditions, but the data will provide significant insights on specific processes and 
dynamics critical for model development, validation, and application to farms, 
regions, and nation-wide assessments.  
 
It is therefore the modelling results, with the appropriate testing and use of data 
generated from the experiments, which will ultimately provide the answers on 
grain yield and cropping suitability at the desired temporal and spatial scales. The 
models will also need to use the wealth of information on temperature effects (e.g. 
daily, seasonal), on wheat yield development, and explore the interactions with 
elevated CO2. This will be particularly important because elevated CO2 wheat 
experiments will probably not test interactions with temperature other than the 
impact of late sowing on development. The project has appointed Dr Anwar 
Muhuddin to oversee the modelling aspects and will provide an important link 
between the project team and other modelling groups in Australia and 
internationally.  
 
It is proposed to make standardised data sets available to modelling groups for 
evaluation. 
 
Minimum data sets for crop modelling 
Based on discussions with agronomists and modellers, the following data are 
required as inputs into modelling to give reliable outputs.  They are all based on 
current daily time step models. 
 

·  Weather (on-site automatic weather station)  
Daily minimum and maximum screen temperatures (oC),  
Daily solar radiation (MJ/m2)  
Daily rainfall (mm)  
Windrun (km) 
 

·  Soil profile 
For each layer (0-20, 20-40, 40-60, 60-100, 100-140, 140-180 cm) 
Bulk density (thin walled sampling tube – taken when neutron probe access 
tubes are installed). 
Drained upper limit and crop lower limit – estimated from pressure plate. 
Initial soil water content – measurements at the start of the season 
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Initial soil nitrate (mg/kg) – soil samples at the installation of neutron probe 
access tubes. 
pH – 5:1 water to soil (electrode) 
Electrical Conductivity (EC) – 5:1 water to soil (electrode) 
Exchangable cations – lab analyses. 
Maximum rooting depth – from depth of water extraction. 
 

·  Surface soil (0-10 cm) 
Organic carbon – lab analyses 
Runoff susceptibility – slope, surface condition 
 

·  Crop 
Dates of key phenological events (sowing, emergence, end of tillering (DC30), 
flowering (DC65), maturity (DC92) and harvest). 
Established plant density 
Above ground biomass (DC30, DC65, maturity). 
Grain yield 
Head number per plant, seed number per head, grain weight. 
Grain protein 
 
The following data used as inputs to crop modelling can be derived either from 
the literature, from specific experiments, or derived from the actual 
measurements made above.  
 

·  Crop physiological parameters (eg from CropSyst) 
Above ground biomass-transpiration coefficients 
Light to above ground biomass conversion (RUE) 
Actual to potential transpiration ratio that limits leaf area growth 
Actual to potential transpiration ration that limits root growth 
Optimum mean daily temperature for growth 
Maximum water uptake 
Leaf water potential at the onset of stomatal closure 
Wilting leaf potential 
Fraction of maximum LAI at physiological maturity 
Specific leaf area 
Stem/leaf partitioning coefficient 
Extinction coefficient 
Leaf duration sensitivity to water stress 
ET crop coefficient at full canopy 
Unstressed harvest index 
Sensitivity to water stress (during flowering & during grain filling) 
Translocation to grain 
 

·  Crop N parameters 
Maximum N concentration during early growth 
Minimum & maximum N concentrations at maturity 
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Crop phenological parameters  
Degree days to emergence 
Degree days to peak LAI 
Degree days to beginning of flowering 
Degree days to beginning of grain filling 
Degree days to physiological maturity 
Base temperature 
High temperature cut off 
Physiological sensitivity to water stress 
Vernalisation and photoperiod sensitivity 
 
 
Data collection protocols – Destructive sampling 
 
Even though much data can be collected non-destructively (eg canopy 
temperatures, ground cover, water use, phenology, various vegetation indices 
such as NDVI), there is a need to take some destructive samples at key stages.  
For an annual crop, this is usually at the floral initiation, anthesis and then 
maturity.  Because of this, destructively harvested subplots will be sown for each 
treatment. 
 
The experimental areas are small and this limits the amount of destructive 
sampling that can be done.  It is proposed to take destructive samples three 
times during the crop and to then “back-fill” the data set with interpolated data 
taken from non-destructive samplings taken more frequently.   
 
Emergence 
Emergence counts taken – 2 m of drill row once the crop has emerged. 
 
Destructive sampling – DC30 & DC65 
The samples are to be taken in such a way so as to enable the plots to be 
resown in the subsequent year without large effects due to bare soil for a long 
period. 
 
At DC30, plant density will be measured and 4 * 0.5 m of drill row is to be taken 
from the sampling plot.  Tiller number, plant biomass, leaf area and leaf N will be 
measured along with canopy interception and a range of other non-destructive 
samples. 
 
At DC65, four 0.5 m of drill row will be taken as the anthesis biomass sample.  
This sample will be dissected into leaf, stem and heads at DC65 for further 
analyses.  Samples will be archived for future reference, but initial analyses will 
be undertaken on N content and distribution, and storage carbohydrate at 
anthesis (fructan).  Carbon isotope discrimination could also be assessed.  Leaf 
area and leaf weights will be taken to provide data on specific leaf area/weight 
and also leaf specific N content (g N/cm2 leaf).  Based on these data, partitioning 
coefficients can also be established. 



 

 21 

 
Table 4. In crop measurements (predominantly destructive) that will be acquired 
at FACE, wheat in Horsham in 2007. 

Measurem
ent 

Purpose Frequency Instruments Comments 

Soil 
Testing 

Determine soil 
chemical status 

Prior to sowing 
and post final 
harvest 

 Soil cores 0-10 cm & 10-
20 cm for basic chemical 
analysis (including soil C) 
& 0-50cm for mineral N.   
Mineral N will also be 
determined from neutron 
tube cores.  Soils will be 
archived for future 
reference. 

Plant 
Establishm
ent 

Determine 
plant density  

4-6 weeks after 
sowing 

  

Phenology Detect & record 
crop growth 
stages to 
provide data 
and indicate 
timing for other 
measurements 

On-going 
particularly 
around key 
growth stages 
(DC30, DC65, 
maturity) 

Dissecting 
microscope 
for DC30 

Border plots will be used 
for destructive sampling 
to determine DC30 

Above 
Ground 
Biomass 

Biomass 
accumulation & 
partitioning, 
plant and tiller 
no., leaf area & 
leaf N 
determination 

DC30, DC65 and 
maturity 

Li-3100 Area 
Meter or 
similar 
 

Analysis at DC65 will 
include fructan.  Grain 
quality, yield and yield 
components will be 
determined on final 
harvest samples.  All 
samples will be archived 
for future reference. 

Light 
Interceptio
n 

Provide data on 
radiation 
capture and 
conversion 

Fortnightly and to 
co-incide with 
above ground 
biomass 
measurements 

Ceptometer Readings will be taken 
within 2 hours of solar 
noon 

Rooting 
depth and 
biomass 

To assess 
root:shoot 
ratios 

At DC65 Hydraulic soil 
corer 

V1N1 treatments taken 
from areas adjacent to 
Plot A or L 

Soil 
Moisture 

Growth in 
relation to soil 
moisture  

NMM (20-180cm) 
every 3 weeks in 
winter & more 
frequently as soil 
moisture content 
declines.  TDR 
(0-20 cm) spot 
readings or 
logged data. 
Readings to co-
incide with above 
ground biomass 
measurements 

TDR and 
neutron 
moisture 
meter 
(CPN503) 

Probe calibrations will be 
taken pre-sowing and at 
harvest.  Extracted soil 
cores will be used to 
determine bulk density 
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Concurrent with the DC65, two deep soil cores will be taken in the areas adjacent 
to the V1N1 plots (Figure 2 positions n, o, s, r) and these cores will be used to 
assess rooting depth and root biomass, so that root to shoot ratios can be 
assessed.  Soil will have roots washed from them to assess the root length, mass 
and density in the soil layers.  This will only be done for the V1N1 treatment. 
 
Harvest sample - Maturity 
One plot of each treatment will be harvested at grain maturity.  An area of 1 m by 
4 drill rows will be taken and this dissected into leaf, stem, head and grain.  
Nitrogen analyses will be undertaken on each set of tissues and grain quality 
assessed. 

 
Soil sampling 
To follow N dynamics, it is important to collect information on the distribution of N 
down the profile, particularly in the top 50 cm.  A single core (50 mm diam.) per 
plot to 50 cm will be taken immediately prior to sowing and then again after 
harvest will be taken and total N and mineral N profiles assessed.  Soil carbon 
will also be assayed on the same samples.  Soil samples will be archived for later 
study. 
 
 
Data collection protocols – Non-destructive measurements 
 
There will be several types of remotely sensed data collected at the Horsham 
FACE experiment in 2007.  They will allow measurement of canopy temperature 
for water relations using an infra-red thermometer (IRT), crop cover and biomass 
to track growth and to interpolate between the destructive samples (Crop Circle 
and digital photographs), aerial and ground deployed multispectral imagers to 
understand spatial variations and nitrogen and water relations, light use 
(ceptometer), and leaf chlorophyll (SPAD).  The measurements to be taken are 
summarised in Table 5. 
 
Crop Circle 
The Crop Circle is an “active” sensor that should be able to operate under a wide 
range of conditions, including cloudy conditions without affecting the readings.  It 
will allow interpolation between destructive sampling measurements.  
Measurement frequency should follow crop phenology (see Table 6).  Most of the 
other measurements will follow this schedule. 
 
Infra-Red Thermometers (IRT) 
The IRT will collect canopy temperature measurements.  There will be two 
sampling regimes.  One will measure canopy temperatures at the time of neutron 
probe readings.  The second will record plot temperatures on a regular basis but 
will be adjusted depending on growth stage (see below).  For each plot there will 
be two types of measurements, nadir and oblique.  The nadir view (sensor 
pointed straight down looking at soil + plant) will simulate an aerial view while 
oblique views (standing back pointing sensor at an angle of about 25 deg 
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towards crop) will allow plant-only temperatures to be recorded once plants reach 
sufficient size (~DC24).  The oblique view will be acquired walking along the east 
side of plots pointing the IRT towards the west.  Temperatures of dry and wet soil 
patches will also be recorded along with meteorological data.  The IRT 
measurements will be performed weekly once the crop reaches the stage of 
requiring irrigation (to be determined).  These data will permit development of the 
Water Deficit Index.  Crop temperatures can only be collected under clear skies 
so it will be necessary to accommodate other activities so that IRT readings can 
be acquired once per week during critical times or during crop dry-down periods.  
The exact details need to be worked out as the season progresses.  In all cases, 
IRT readings will be acquired during overflights, regardless of sky conditions. 
 
The IRT ‘Calibration Source’ records ambient temperature and will be measured 
at the beginning middle and end of each run, at least.  It must be kept out of 
direct view of the sun so the temperature on the display accurately represents the 
temperature of the concentric-rings black surface.  These data will allow a check 
of the IRT and be used to correct data if needed. 
 
Table 5. Remote sensing measurements that will be acquired at FACE, wheat in 
Horsham in 2007. 
Instrument Purpose Frequency Comments 
Crop Circle Crop cover and 

biomass 
Once over bare soil, 
weekly to fortnightly 
depending on crop 
stage 

Calculate Red, NIR, 
NDVI, SAVI 

Infrared Thermometer 
(IRT) 

Water stress During dry-down 
periods, at time of 
neutron probe 
readings and over-
flights, and once a 
week on sunny days 

Oblique and nadir 
data 

Infrared Calibration 
Source 

Within-run 
calibration check 

As part of IRT 
measurement 
routine, records 
ambient temperature 

Must be kept 
shaded, away from 
direct sun in field 

Imagers Spatial variation 4 times during 
season: DC24 (mid-
tiller), DC30 (stem 
elongation), DC60-
65(anthesis), DC90 
(harvest) 

6-narrow bands and 
thermal imager for N, 
cover, biomass, 
water stress 

Digital photographs Cover reference,  Fortnightly/weekly  
Ceptometer Light interception Fortnightly/ 

monthly?, at 
destructive sampling 

Take within two 
hours of solar noon 

SPAD Surrogate for leaf 
chlorophyll 

Fortnightly?, at 
destructive 
samplings 

Determine which 
leaf, number 
leaves/plot 
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Table 6  Sampling times and frequencies, Horsham FACE site, 2007. 
Sampling times Target DC 

growth 
stage 

Frequency Number of samples 
(approx.) 

Just after sowing  Bare soil  Once 1 
Late June to about 
mid-August 

Early crop 
development 

DC11-15 Fortnightly 3-4 

Mid-August to mid 
October 

Rapid cover 
increase 

DC15-60 Weekly 8-9 

Late Oct-Early 
Dec 

Senescence DC60-92 Fortnightly 3-4 

 
 
Imagers 
Two 3-band imagers plus one infrared imager will be part of the camera package 
that will acquire 7 bands simultaneously at four times during the season to 
understand spatial variability across the rings and build algorithms for cover, 
biomass, canopy nitrogen and water status.  The four dates will correspond as 
closely as possible (weather permitting) to the three destructive sample dates 
plus one earlier in the season (DC24) to test for early-season N detection.  Pixel 
resolution for the multispectral (MS) imagers will be 0.2 to 0.3m at 1000 to 1200 
m above ground level (AGL).  Ideally, pixel resolution should be 1/8 the size of 
the target.  If sub-plot width is 1.6 – 1.7 m then 0.2 m pixels size is appropriate.  
The thermal imager resolution is about ¼ that of the MS so resolution would be 
near 1 m at that altitude.  In order to distinguish the small plots, altitude would 
need to be much lower but this may not be practical, especially since at lower 
altitudes the sensor field of view will not capture the entire experimental site.  
Since N treatments are not expected to have any significant effect directly on 
crop water relations (except as N allows greater canopy development and 
therefore influences cover), resolution at the scale of the half-rings will probably 
be sufficient.  Thus, altitude will need to be adjusted to allow pixel resolutions of 
about 0.7 m (5.5 m half-ring radius subtracting centre walkway). 
 
Digital Photographs 
Digital photographs are valuable records of crop conditions that can be referred 
to after the season to identify crop conditions or help interpret data anomalies.  
They will also be used as reference for ground cover to develop relationships to 
other spectral measures, such as the Crop Circle or Ceptometer.  These will be 
collected at the same times as the crop circle.  The number of images could 
become very large so during the weekly Crop Circle collection, it might be 
decided to collect photos fortnightly or photograph a sub-set of plots.  This will 
depend in part on labour availability. 
 
Ceptometer 
This will be deployed as near the time of the Crop Circle measurements to 
develop relationships between light interception and remote measures of cover. 
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Calibrations 
All instruments need calibration targets.  The aerial multispectral images will 
require ground panels (Figure 4).  These panels and wet and dry soil areas will 
also be used as reference for the ground-based sensors.  Panels and support 
stands used in the ORL project will be provided.  The thermal imagery will require 
dry and wet soil areas, so 8 m x 8 m soil areas will be placed to the side of one of 
the bays so that they are visible within the imagery and are easily accessible for 
ground measurements.  This will allow low and high temperature measurements 
to be determined for use in water index development.  
 
   

 
Figure 4.  Painted ground reference targets (2.8 m X 2.8 m) visible in aerial 
imagery.  Used to correct imagery and ground sensor data to reflectance. 
 
Other comments 
All measurements must be time-stamped.  A digital watch can be time-synced to 
universal time (on the internet) before going to the field.  All other instruments 
that record time must be synced to that time.  There is no reason this shouldn’t 
be less accurate than 1 s, but within 5 s is acceptable.  All measurement 
locations must be known.  This can consist of noting the ring number and plot 
letter or, if necessary, the X and Y distance from a corner or centre post, 
depending on the accuracy required.  This latter is recommended for destructive 
sampling.  This will allow precise location in the imagery. 
 
 
Data collection protocols – Grain Quality Assessments  
 
A relatively standard set of grain and dough quality assessments will be 
undertaken through the Grains Chemistry laboratories based at Grains 
Innovation Park Horsham.  Grain size, grain protein content and screenings 
percentage will be measured.  Depending on the final amount of grain available 
for testing, a range of other dough and flour quality tests will be undertaken which 
will include assessments of both protein and starch quality.  Full details of the 
testing protocols will be provided on request. 
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Other selected measurements 
 
Stomatal activity 
A good understanding of gas exchange is important in this research. Although 
the measurement of stomatal response is quite time consuming, it is hoped to 
undertake a complete set of measurements at least once during the experiment, 
probably during stem elongation as this is the period of peak growth.  
Photosynthetic rate and transpiration rate can be assessed using a standard 
IRGA such as the LiCor6400 with a closed chamber.  An alternative method of 
assessing stomatal activity is to assess stomatal conductance (resistance) using 
a steady state porometer, which would enable quicker measurements and so 
could lend itself to multiple measurements during the growing season. 
 
Soil water extraction 
Water use will be monitored non-destructively using the in-situ technique of a 
neutron probe for the profile from 20 cm to 180 cm deep.  A proper calibration is 
essential when using a neutron probe (CPN503) and this can be achieved using 
a two point calibration against volumetric soil moisture contents taken pre-sowing 
and after harvest.  Access tubes will be inserted immediately before sowing using 
a volumetric core sampler which extracts a core of the same size as the access 
tube.  The soil sample extracted is assessed for bulk density and soil moisture 
content (as well as for mineral N) down the profile and neutron probe counts 
taken as soon as the tube is installed to give the “wet-end” point.  Readings can 
be done each 3 or so weeks during winter, and then more frequently as soil 
moisture content declines, timed specifically to coincide with significant 
phenological events.  At the end of the season, a core is taken down the profile 
again and this is used to assess the “dry-end” point for the two point calibration 
which is done on each profile level.  As well, this sample can be used for 
determining rooting depth and soil mineral N profile after maturity. 
 
Because the neutron probe is not suitable for use in the top 20 cm layer of the 
soil profile, either capacitance probes, Theta probes or Time Domain 
Reflectometry (TDR) can be used to assess this parameter.  These sensors can 
either be logged or spot measurements taken at the same time as the neutron 
probe readings.  Sensor calibration can be undertaken on areas adjacent to the 
experimental site.    The actual sensor to be used has not yet been selected. 
 
Insect abundance 
Sticky insect traps will be set up at the centre of each ring and these will provide 
a census of insects present within the elevated CO2 and control rings.  This is to 
be done in collaboration with the Biosecurity CRC. 
 
Leaf metabolites 
There will be the opportunity to take small fresh tissue samples during the 
growing season that could be used to assess mineral status of plants, the 
presence of specific metabolites or to evaluate gene regulation under the test 
conditions. 
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Other species 
It is also possible to locate pots of other species (eg weeds, N fixing pulses) 
contained in pots within the experimental area to measure growth rates of these 
under elevated CO2.  The opportunities for this extend to evaluating wider 
germplasm sets (eg synthetic hexaploid wheats) in this environment. 
 
Soil gas exchange 
Soil chambers could also be installed to measure soil respiration or nitrous oxide 
emissions under elevated CO2.  The latter has been investigated in the CAS 
FACE visited in China and there is potential for collaboration with this group on 
this particular topic. 
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Appendix 1   
Procedures for Scientific Utilisation of the Horsham FACE Experiment 
Chris Korte and Rob Norton 

Introduction 
The Department of Primary Industries (DPI) Victoria and The University of 
Melbourne will establish a Free Air Carbon Dioxide Enrichment (FACE) 
Experiment at the Plant Breeding Centre, Horsham in 2007.  The FACE 
infrastructure and research were funded to produce specific outputs (“Core 
experimentation”) and experimental procedures will be implemented to produce 
these outputs (see Horsham FACE Experimental Protocols, May 2007).   
 
FACE experiments internationally have attracted researchers to utilise the 
infrastructure and experiments for additional studies beyond the Core 
experimentation.  The additional research has involved non-destructive 
measurements and/or plant/soil material not required for the Core 
experimentation.  Usually data from the Core experimentation supplements data 
collected in add-on research.  Add-on research often adds to the interpretation of 
Core experimentation or is able to investigate impacts of carbon dioxide on 
factors outside the Core experimentation.  For example,  add-on research at 
Horsham will investigate aspects of cereal disease not included in the Core 
experimentation. 
 
The intention is to encourage add-on research at Horsham given the high cost of 
establishing and running a FACE experiment.  This document outlines the 
principles that researchers need to consider when planning research, the 
procedure to follow to obtain access to the site for experimentation, and the 
dispute resolution procedure while undertaking research at the facility. 
 
The Australian Greenhouse Office has established a national committee to 
advise on priorities for research relating to the impact of elevated carbon dioxide 
on Australian plant production.  Add-on research will be submitted to this 
committee for approval before access to the Horsham FACE can be granted. 

Principles for research approval 
The conduct of additional (non-core) research at the Horsham FACE 
documentation to be provided to give the following information: 
 
1. That the proposed research does not affect or threaten the Core 

experimentation as outlined in Horsham FACE Experimental Protocols, May 
2007.  Treatments will not be modified for add-on research and add-on 
research cannot impact on measurements defined in the Core 
experimentation. 

   
2. That the proposed research does not affect or threaten any other add-on 

research that has been approved for the Horsham FACE site.   



 

 31 

 
3. That the proponent prepares a protocol for the proposed experimentation 

using the headings indicated below. The request must include:  
·  investigation title; name of principal investigator;  
·  names of people who will require access to the Horsham FACE and their 

role;   
·  the justification for the research;   
·  the experimental hypothesis;   
·  a detailed methodology including details of where/when the 

measurements will be taken and any destructive measurements;  
·  equipment from DPI or The University of Melbourne that will be required 

by the researchers;  
·  requirement for data from the Core experimentation;   
·  agreement to acknowledge researchers involved in Core experimentation 

in any publication of research;   
·  agreement to acknowledge those funding the Core experimentation in any 

promotion, plans for reporting or publication of research;  
·  funding for research;  
·  agreement to provide copies of all data and publications to Dr Rob Norton 

within a reasonable time;  
·  agreement to abide by the dispute resolution procedure outlined in this 

document. 
The information above can be submitted as one document, or alternatively as 
a project specification (e.g. for GRDC) together with a document containing 
the additional information outlined above. 

 
4. That funding for the proposed research will be arranged by the proponent of 

the proposed research.  Provided the proposed research can be 
accommodated and the proposal obtains approval, no charge will be made by 
DPI or The University of Melbourne for using the Horsham FACE experiment 
by add-on researchers.  In the event that add-on research requires those 
involved in the Core experimentation to collect extra data or undertake 
additional field operations, these additional activities will need to be funded by 
the add-on project. 

 
5. That the proposed research is approved by the Australian Greenhouse Office 

National Committee on Elevated CO2 Research. 

Procedure for obtaining access 
A two stage process for obtaining permission to undertake research at the 
Horsham FACE site will be used.  The first stage is to investigate feasibility to 
undertake the research and the second stage is to obtain formal approval. 

Feasibility 
Researchers should consult the Horsham FACE Experimental Protocols, May 
2007 to see how they might incorporate their research into the Horsham FACE 
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experiment.  In addition, researchers should consult any additional add-on 
experimental protocols that have been approved and will potentially impact on 
their planned research. Copies of the protocols are available from the site 
engineer (Dr Mahabubur Mollah).   
 
Having considered what is already being done and developed a plan of how their 
proposed research could be incorporated into the Horsham FACE, researchers 
should enter into discussion with the project leader for the Core experimentation, 
Dr Rob Norton.  When agreement has been reached that collaboration is 
possible the proponent should prepare a written submission for approval. 

Approval 
1. A completed application, addressing the issues identified above will be taken 

as a request to undertake additional (non-core) research. 
 
2. Dr Norton will provide copies of written requests for add-on research to those 

involved in the Core experimentation and any approved add-on research.  
Written comments on the proposal and proposed amendments should be 
provided to Dr Norton within 30 days.  Following consultation, Dr Norton will 
either:  

(1) approve and submit the request to the Australian Greenhouse Office 
National Committee on Elevated CO2 Research for approval  

     or  
(2) request that the proponent modify the request and resubmit after 
modification. 
 

3. Dr Norton will provide copies of the written request to the Australian 
Greenhouse Office National Committee on Elevated CO2 Research for 
approval.   

 
4. Australian Greenhouse Office will provide both the proponent and Dr Rob 

Norton with its decision on the proposed work.  Dr Norton will provide a copy 
to Dr Mahabubur Mollah who will have responsibility for providing approved 
proposals to collaborators and potential collaborators. 

Modifications 
It is expected that experimental protocols could require modification after 
approval.  It is important that protocol changes that might impact on other 
research are discussed and any issues resolved.  When protocol changes are 
required they need to be documented (draft form initially) for discussion with Dr 
Rob Norton and other FACE researchers to determine if there are any potential 
concerns.  Discussion should occur at regular project meetings and with 
individual researchers. 
 
Once proposed changes have been finalised and documented, a copy is to be 
submitted to Dr Rob Norton for approval.  Dr Norton will then either  



 

 33 

1. Approve – where the change is considered to have no major impact relative to 
what has already been approved. 

 
2. Follow the approval process for obtaining permission to undertake research at 

the Horsham FACE site (points 2-4 above).   

Publications and data 
Collaborators are expected to publish data within a reasonable time.  The 
expectation is that collaborators analyse data and get a first draft of a manuscript 
written with 12-18 months of completing field work. Otherwise, if someone else 
needs the data and is prepared to take the lead on getting it out, the researcher 
is expected to turn over the data, assist in the analysis, and be second rather 
than first author.  We would prefer that all data are captured in the project 
database maintained by Dr Mahabubur Mollah, and that researchers obtain data 
from the database maintained by Dr Mollah as required.  The database will be 
created by Dr Jennifer Smith, biometrician DPI, and modified as required to 
accommodate all investigators’ requirements for data storage and extraction. 
 
The expectation is that data will be shared with modelers, so that they can 
proceed with validating their models.  However, the actual validation manuscripts 
should not be submitted until the researchers have had ample time to write their 
manuscripts. 
 
Data sharing is expected, and it is expected that those individuals contributing 
data and expertise to any publication are recognized through authorship.  At 
other FACE sites there has been a range of opinion as to how much involvement 
is required to deserve co-authorship or at least an acknowledgement.  Proposed 
publications, expected draft submission date and authorships need to be 
indicated on collaborator project proposals. 
 
It is proposed that the “Vancouver Protocol” endorsed by the Australian Vice 
Chancellors Commission, be considered as the basis of recognizing appropriate 
authorship guidelines for scientific publications.  This protocol considers what 
constitutes a substantial contribution sufficient to warrant recognition as an 
author/co-author and proposed that the minimum requirement for authorship is 
substantial participation in the research, where the following conditions are met:  
 
a) Conception and design, or analysis and interpretation of data; and 
b) Drafting the article or revising it critically for important intellectual content; and 
c) Final approval of the version to be published. 
 
Participation solely in the acquisition of funding or the collection of data does not 
justify authorship. 
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Dispute resolution 
A key aspect of dispute avoidance is good communication between participants 
in the Horsham FACE experiment.  The approval process for add-on 
experimentation is designed to resolve potential issues before research starts.  
Regular project meetings will be held at DPI Horsham to ensure that there is 
awareness of the planned work schedule in the short term.  Dr Rob Norton or Dr 
Glenn Fitzgerald will chair these meetings.  Dr Mahabubur Mollah is responsible 
for meeting minutes and document distribution.  Collaborators are encouraged to 
send a representative to meetings.   
 
It is possible that disputes will arise and rapid resolution will be required by all 
parties. 
 
The Horsham FACE experiment is on the premises of the Department of Primary 
Industries (DPI) Victoria and entry to the site is at the discretion of DPI. DPI 
reserves the right to deny access to its premises and the FACE experiment to 
protect the Core experimentation and to meet any legal obligations (e.g. OH&S).  
This dispute resolution procedure is designed to allow resolution of issues where 
a researcher is denied access to the Horsham FACE experiment site. 
 
1. The DPI FACE Engineer (Dr Mahabubur Mollah) will request any person to 

leave the Plant Breeding Centre until further notice if he is concerned that the 
person is threatening the Core experimentation or any approved add-on 
research or is not meeting DPI legal obligations. 

2. The DPI Farm Manager responsible for the Plant Breeding Centre (Dennis 
Pye) will request any person to leave the Plant Breeding Centre until further 
notice if he is concerned that the person is threatening the Core 
experimentation or any approved add-on research or is not meeting DPI legal 
obligations. 

3. In the event of a person being requested to leave the Plant Breeding Centre 
by Dr Mahabubur Mollah or Dennis Pye, they will inform Dr Rob Norton 
(FACE Project Leader) and Dr Chris Korte (DPI FACE Project Leader) so 
dispute resolution can be initiated.   

4. If informal discussion can resolve the issue,  Dr Mollah or Dennis Pye will 
inform the person in writing that they have permission to re-enter the Plant 
Breeding Centre and resume their research in the FACE experiment,  and any 
conditions attached to this permission.  Collaborators are encouraged to use 
informal discussion to resolve disputes quickly. 

5. If informal discussion cannot resolve the issue within 24 hours, Dr Chris Korte 
will convene a meeting to consider the matter and reach a decision. Note, a 
meeting may not be able to be held for several days because of pre-existing 
commitments.  After the meeting he will inform the person in writing if they 
have been granted permission to resume research at the Horsham FACE and 
any conditions associated with this permission.  

6. If a collaborator is unhappy with the decision of Dr Chris Korte, the issue can 
be taken to the Australian Greenhouse Office National Committee on 
Elevated CO2 Research.  It should be noted that this committee meets every 
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six months and may be unable to adjudicate on all issues (e.g. application of 
local OH&S regulations). 

Documentation 
Dr Mahabubur Mollah, FACE Engineer, will be maintaining a database for the 
FACE project, and current copies of project documentation.  Collaborators should 
contact Dr Mollah for copies of documentation they require. 

Acknowledgement 
We thank Dr Bruce A. Kimball, USDA, for providing suggestions on data sharing 
and publications based on experience with the FACE project at Phoenix, Arizona. 

Contact Details 
Dr Rob Norton, FACE Project Leader 
Email rnorton@unimelb.edu.au, Phone 03 5362 2337 Mobile 04 2786 1084 
 
Dr Chris Korte, DPI FACE Project Leader 
Email chris.korte@dpi.vic.gov.au, Phone 03 5362 2199 Mobile 04 0782 4175 
 
Dr Mahabubur Mollah, FACE Engineer 
Email Mahabubur.Mollah@dpi.vic.gov.au, Phone 03 5362 2127 Mobile 04 2733 
1088 
 
Dennis Pye, Manager Plant Breeding Centre 
Email dennis.pye@dpi.vic.gov.au Phone 03 5382 4429 Mobile 04 1936 1720 
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