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Abstract
Pasture-cropping has the potential to increase productivity in mixed farming systems while also providing 
the associated benefits of including a perennial pasture species in the system. To determine the potential 
long-term benefits of pasture-cropping across a range of environments, modelling is required. To undertake 
this, validation of a mixed farming system model is a necessary first step due to the inherent difficulty in 
simulating complex system involving interspecies competition. The AusFarm software was used to link 
modules from APSIM and GRAZPLAN to create a mixed farming system. Simulations of sole crop, sole 
pasture, and a pasture-crop were evaluated to determine the linked model’s ability to represent data from 
a pasture-cropping field experiment at Wellington, NSW. Across a 3-year time series the model was able 
to satisfactorily predict sole crop, sole pasture, and pasture-crop production, ground cover, and soil water 
dynamics. There were, however, periods of over and under-estimation of field data in the pasture-crop 
simulation, with RSME of the observed mean varying from 3% for grain protein, 19% for grain yield, 13% 
for soil moisture, 29% for ground cover, and >60% for inorganic soil nitrogen.    
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Introduction
Pasture-cropping has been shown to increase productivity (Humphries et al., 2004; Roberts Craig et al., 
2013), in addition to providing benefits of increased soil water, summer weed control, and soil structural 
benefits (Humphries et al., 2004). The number of pasture-cropping studies undertaken in Australia is limited, 
therefore to evaluate the benefit of pasture-cropping in a range of environments and management systems, 
systems analysis with mathematical models will be useful. One such model, the Agricultural Production 
System Simulator (APSIM) has been shown to satisfactorily simulate pasture-cropping field data, in addition 
to determining the effects of changing management (Harris et al., 2010, Robertson et al., 2004). To further 
understand this system the model needs to include a grazing component to accurately reflect a mixed farming 
system. The AusFarm software is able to link modules from APSIM with GRAZPLAN to create a mixed 
farming system model using the CSIRO Common Modelling Protocol (Moore et al., 2007). This modelling 
approach has been used to simulate crop-livestock interactions in mixed farming systems (Lilley and Moore, 
2009). To determine the potential of pasture-cropping across a range of environments it is first important to 
determine if the GRAZPLAN+APSIM models can together satisfactorily simulate pasture-cropping field 
production data together with the associated soil water and nitrogen dynamics.

Methods 
Dataset 
The experiment was conducted at the Wellington Research Service Centre, NSW, Australia (32°30’S, 
148°58’E). The site is 300 m above sea level and gently undulating. The soil is a Red Dermosol (Isbell, 
1996), with a 10% gravel component. The A1 surface layer (0-10 cm) has a pH(CaCl2) of 6.5, the B1 horizon 
(10-30 cm) has a pH(CaCl2) of 6.5, and the B2 horizon has a pH(CaCl2)of 8.1. The annual rainfall is evenly 
distributed with the long-term average 618 mm; for the experimental year 2005, 2006, and 2007 annual 
rainfall was 668 mm, 302 mm, and 647 mm respectively. The field experiment (with 3 replicates) involved 
sowing wheat (Triticum aestivum cv. Ventura) into pasture dominated by Bothriochloa macra. Experimental 
details and results are described in full in a previous paper (Millar and Badgery, 2009). 

Simulation 
The AusFarm program (version 1.7), using APSIM soil components, was characterised based on 
field conditions from studies conducted by Millar and Badgery (2009) and McNee (2013). Soils were 
characterised by combining data from both studies (located within 500 m of each other on almost identical 
soils). The gravel component of the soil was represented by reducing soil bulk density, water content at 
saturation, drained upper limit, 15-bar water content, and crop lower limit by 10%. The root hospitality 
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factor (XF) was reduced in the fourth and fifth soil layers to reflect the hostile conditions for root growth 
below 60 cm. The default decomposition rate of residues in the surface OM module was previously found 
to require adjusting to accurately reflect the Wellington site conditions (McNee, 2013); the reference 
decomposition rate was therefore set to 0.055 day-1. To account for the plant-growth-limiting soil phosphorus 
levels, the fertility index of the pasture species were reduced to 70%. As the cropping component does 
not have a fertility index function, and there is not a working APISM phosphorus component for wheat or 
oats, the reduction in plant growth due to low phosphorus was represented through a 30% reduction in crop 
radiation use efficiency. The simulation was run continuously from 1 Apr 2001 to 30 May 2008, allowing 
representation of pre-experimental management and the influence of each year on the next. 

Evaluation 
The evaluation of simulated and observed data was undertaken in two parts. Firstly, the magnitude of 
difference between the AusFarm simulated and observed field data was quantified using either root mean 
square error (RMSE), where few data points were available, or root square error (RSE) when there were 
sufficient data points to undertake this analysis. Secondly, confidence limits (at the 95% level) were 
calculated for each sampling point, and used to determine whether the simulated output fell within the 
population distribution. Values outside of the confidence limits were considered over- or under-estimations.

Results
There was variation in the level of agreement between the simulated and observed data (Table 1, Fig. 1 and 
Fig 2). There was good agreement for grain yield and protein in both the sole crop and pasture-crop, with 
the relative RMSE of the observed data less than 20% (Table 1). However, agreement was poor between the 
simulated and observed data for crop and pasture biomass, with relative RMSE 42% and 54% respectively 
(Fig. 1). The RME for the pasture-crop was 68% for the crop component and 45% for the pasture component. 
This was due to a low number of periods of over and under estimation (Fig. 1). 

The level of agreement for percentage ground cover varied depending on the treatment (Table 1). There was 
good agreement for the sole pasture and lower level of agreement for the sole crop and pasture-crop. The 
simulated sole crop and pasture-crop percentage ground cover was overestimated for all years, while sole 
pasture ground cover was under-estimated in 2006 and 2007 (data not shown). There was good agreement 
for soil moisture over time in all treatments, with RSE of less than 20% of the observed mean (Table 1). 
There was a poor level of agreement between the simulated and observed data for both nitrate (Fig. 1) 
and ammonium (data not shown), with RSE greater than 30% of the observed mean for both nitrate and 
ammonium in all treatments. In the sole crop and pasture-crop treatments the simulated data for NO3 was 
under-estimated in all years for approximately half of all measurements (Fig. 2). The simulated nitrate levels 
for the sole pasture were generally within the confidence limits, with the exception of an overestimation 
during the 2006 autumn (Fig. 2).

Table 1. Root mean squared error (RMSE) and Root squared error (RSE) between observed and simulated sole 
crop, sole pasture, and pasture-crop for production and soil water. 
 Treatment Observed Mean RMSE RSE % RMSE/RSE of Mean
Grain yield (t/ha) s_crop 2.2 0.3 11%

pasture_crop 1.2 0.2 19%
Grain protein (%) s_crop 8.5 0.0 0%

pasture_crop 8.5 0.3 3%
Ground cover (%) s_crop 0.4 0.2 36%

s_pasture 0.9 0.1 9%
pasture_crop 0.4 0.1 29%

Soil moisture (mm) s_crop 91.0 13.9 15%
(0-600 mm) s_pasture 90.8 11.4 13%

pasture_crop 80.2 10.1 13%
(600-1500 mm) s_crop 155.6 10.6 7%

s_pasture 132.8 20.8 16%
pasture_crop 155.6 8.2 5%
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Figure 1. Time series plots of observed mean (scatter plots) and simulated (line) available pasture and weed 
biomass (kg/ha) in the a) sole crop, b) sole pasture, and c) pasture-crop treatments. Error bars represent the 
population distribution at 95% confidence limits.

Figure 2. Time series plots of observed mean (scatter plots) and simulated (line) soil nitrate (NO3) in the a) sole 
crop, b) sole pasture, and c) pasture-crop treatments. Error bars represent the population distribution at 95% 
confidence limits. 

Discussion
Productivity measures of sole crop, sole pasture, and pasture-crop were generally in agreement between 
the simulated and observed data. However, there were some periods of over- and under-estimation in the 
wheat crop biomass, and pasture and weed available biomass. Similarly, previous modelling studies have 
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also reported periods of over and under-estimation when simulating both sole and pasture-crop systems 
(Asseng et al., 1998; Harris et al., 2010; Robertson et al., 2004). The model was able to accurately reflect the 
soil water dynamics of all three systems. Similarly, the APSIM model was found to satisfactorily simulate 
soil water dynamics of pasture-crop systems (Robertson, 2004). In the current study, the period of over-
estimation of soil moisture in 2007 for the sole crop and pasture-crop treatment is likely to be a reflection 
of the under-estimation of available biomass starting mid to late 2006 and continuing to October 2007. An 
increase in simulated available biomass during this time is therefore likely to result in a subsequent decrease 
in soil moisture. The soil nitrogen of the sole crop and pasture-crop systems were often under-estimated 
in the AusFarm simulation. The simulated nitrogen fluctuations generally followed that of the observed 
measurements, with periods of under-estimation. The nitrogen dynamics of the sole pasture system generally 
represented field measurements. The difficulty in accurately simulating nitrogen in pasture-cropping systems 
has been previously reported in a study using the APSIM model; Harris et al., (2010) found that without 
resetting soil nitrogen each year in autumn, they could not accurately model the soil nitrogen profile of field 
results. Similarly, APSIM sole crop simulations were shown to require adjustments to mineralisation rates 
and carbon to nitrogen ratio in order to achieve satisfactorily agreement of field results at a location close to 
the current study (McNee, 2013). It is likely that the under-prediction of soil nitrogen had a limiting effect on 
biomass production in the sole and pasture-crop simulations. This highlights the importance of accurate soil 
parameters in simulating soil nitrogen dynamics and, in turn, available dry matter. 

Conclusion
The AusFarm model was able to satisfactorily simulate sole crop, sole pasture, and pasture-cropping 
productivity, and soil water dynamics. This agreement of field data indicates this model can be used with 
confidence in longer-term simulations of pasture-cropping systems in the study region. 
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