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Abstract
The performance of the APSIM agricultural systems model was compared with measured soil organic carbon 
(SOC) from three long term experiments over a period of 24-44 years.  The experiments involved continuous 
grazing of improved pasture (Hamilton, Victoria), continuous legume-wheat cropping (Wagga Wagga, New 
South Wales) and continuous wheat/barley cropping (Warwick, Queensland). The model was initialized 
for the soil type of the experimental sites using default parameters that define the soil C fractions but rate 
constants were identical for the three locations.  The biophysical simulation model in the APSIM framework 
explained well the observed changes in SOC at the various locations without specifically fitting the model 
to the observed data, despite large variation in the measured data.  This indicates that the SOC model was 
robust over the moderate to long term period.  As such the model is suitable to extrapolate a simulated 
response beyond these locations under various treatment combinations that should predict realistic SOC 
stocks within the expected mean error of less than 10% (3 to 6 t C/ha 0-30 cm).  New long term experiments 
should be developed in Australia that specifically aim to increase SOC. 
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Introduction
Simulation models of crops that involve SOC dynamics can provide robust and objective methods to 
extrapolate likely changes in SOC in response to management and climate change over different landscapes 
and time periods (Grace et al. 2006; Liu et al. 2009; 2014).  We examine the performance of the APSIM 
cropping systems model (McGowan et al 1996) with respect to its ability to simulate soil C in pasture and 
cropping rotations in three long term agricultural experiments (LTAE) over 24-44 years in eastern Australia.  
This study (Part 1) was intended to enhance the model capacity for filling research gaps for the management 
of SOC in cropping and pasture systems (Part 2).

Methods
Soil organic carbon data that had been collected from three long term agricultural crop and pasture 
experiments were selected from eastern Australia to test the performance of the APSIM cropping systems 
models with respect to SOC. These long term experiments have been managed for over 22 to 44 years and 
represent a valuable resource to study SOC – dynamics that are difficult to measure in short term experiments 
because of the slow changes that occur in nature.  The sites – Hamilton, Victoria (Cayley et al. 1998 Cayley 
et al. 1999; Clark et al. 2003), Wagga Wagga, New South Wales (Chan et al., 1992; 2002; 2011; Heenan et 
al., 2004) and Warwick, Queensland, Australia (Loch and Coughlan 1984; Marley and Littler 1989) were 
selected to represent a climatic gradient from Victoria to Queensland.  

Various modules of the APSIM farming systems modelling package were selected for this study.  The APSIM 
system is useful in analyses of crop and pasture systems because of the wide range of crops and pasture 
available (Keating et al. 2003) and the interconnected soil environment that enables at least some focus on 
SOC.  Each crop and pasture inputs biomass into the soil in an automatic way.
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The crop modules selected were wheat and barley and the pasture module was the AGPASTURE module 
(Li et al. 2011). We selected various pasture/stocking rate treatments and cropping treatments that would be 
typical of such systems at the three locations.  The model was initialised using soil characteristics defined at 
the experimental sites.

Results and Discussion
Comparison of observed and simulated SOC shows good agreement at the three locations. At Hamilton 
measured SOC did not change significantly over 32 years and the model represented this well (overall RMSE 
= 5.0 t C/ha, Figure 1).  The present levels of SOC appear to be at equilibrium at the same level for a range 
of pasture productivity levels and stocking rate (data not shown).
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Figure 1.  Comparison of observed (●) and simulated (—) soil organic carbon (0-30 cm) changes over 32 years at 
Hamilton VIC, under a moderate pasture productivity level (4 kg P/ha) and continuously grazed stocking rate (6 
ewes/ha). 
 
In contrast, over twenty-four years of continuous cropping at Wagga Wagga under a Wheat-Lupin crop 
rotation under stubble retention and zero tillage a neutral trend over time was seen (overall RMSE = 3.3 t 
C/ha, Figure 2.)  There were no significant differences between phases of the same rotation in the simulated 
data.  This rotation also appears at equilibrium despite the much lower total SOC compared to that at 
Hamilton. 
 
Thirty years of continuous cropping at the Queensland site resulted is significant declines in soil C 
irrespective of the farming practices applied.  Figure 3 shows this decline in a conventionally tilled system 
with stubble burning and a moderate rate of N fertiliser.  Higher amounts of N reduced the rate of decline in 
the presence of stubble (data not shown).  Overall, the modelled changes in soil C matched reasonably well 
the observed behaviour with the greatest decline under zero N application (overall RMSE = 3.7 t C/ha). 
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Figure 2. Comparison of observed (●) and simulated (solid line: wheat-lupin; broken line lupin-wheat rotation) 
soil organic carbon (0-30 cm) changes over 24 years at Wagga Wagga NSW. 
 
 

 
 
Figure 3.  Comparison of observed (●) and simulated (—) soil organic carbon (0-30 cm) changes over 44 years at 
the Warwick QLD, site under a continuous crop rotation of wheat and barley with stubble burning (SB), 
conventional tillage (CT) and a moderate application rate of nitrogen (2N). 
 
The effect of various management practices on SOC appears to also be well captured by the model. An 
important question is what management options are realistically available to farmers to increase or maintain 
the highest practical SOC level.  The challenge is to achieve sufficient productivity benefit with minimal 
negative effect on SOC.  One of the obvious limitations of long term agronomic data for studying changes in 
SOC is that the original treatments were not specifically designed to increase SOC.  What we see is the 
resultant changes from an agronomically-focused experiment. New long term experiments should be 
developed in Australia that specifically aims to increase SOC.  Using modelling we explore in Part 2 options 
involving pasture and cropping rotations that offer more potential than the options tested in these long term 
agronomic experiments to increase SOC storage across eastern Australia.   
 
Conclusion 
The long term agronomic experiments used in this study were considered important locally to examine long 
term sustainability issues at each site.  However, their value when considered together, through simulation 
modelling, probably exceeds the original expectations of their designers. The biophysical simulation model 
exemplified by the APSIM model explained well the observed changes in SOC at the various locations 
without specifically fitting the model to the observed data.  As such the model is considered robust and 

Figure 2. Comparison of observed (●) and simulated (solid line: wheat-lupin; broken line lupin-wheat rotation) 
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Figure 3.  Comparison of observed (●) and simulated (—) soil organic carbon (0-30 cm) changes over 44 years 
at the Warwick QLD, site under a continuous crop rotation of wheat and barley with stubble burning (SB), 
conventional tillage (CT) and a moderate application rate of nitrogen (2N).

The effect of various management practices on SOC appears to also be well captured by the model. An 
important question is what management options are realistically available to farmers to increase or maintain 
the highest practical SOC level.  The challenge is to achieve sufficient productivity benefit with minimal 
negative effect on SOC.  One of the obvious limitations of long term agronomic data for studying changes 
in SOC is that the original treatments were not specifically designed to increase SOC.  What we see is 
the resultant changes from an agronomically-focused experiment. New long term experiments should be 
developed in Australia that specifically aims to increase SOC.  Using modelling we explore in Part 2 options 
involving pasture and cropping rotations that offer more potential than the options tested in these long term 
agronomic experiments to increase SOC storage across eastern Australia.  

Conclusion
The long term agronomic experiments used in this study were considered important locally to examine long 
term sustainability issues at each site.  However, their value when considered together, through simulation 
modelling, probably exceeds the original expectations of their designers. The biophysical simulation model 
exemplified by the APSIM model explained well the observed changes in SOC at the various locations without 
specifically fitting the model to the observed data.  As such the model is considered robust and suitable to 
extrapolate a simulated response beyond these locations under various treatment combinations that should 
predict realistic SOC stocks within the expected mean error of less than 10% (3 to 6 t C/ha 0-30 cm).
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