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FINAL REPORT 

PROJECT TITLE:  

Monaro Farm Management Strategies and their effects on soil carbon 

PROJECT DESCRIPTION 

The Monaro is revered in the agricultural Industry as a predominantly grazing based region for wool and 

breeding quality stock.  It is comprised of approximately 490,000 ha of pasture supporting 1,150,000 

sheep, 73,000 cattle and producing 6,305,000 kg of wool annually. 

This project aimed to demonstrate on-farm management practices and their impacts on soil carbon 

under eight different land-use systems over a two year period.   The project included 19 trial sites on 7 

participating properties in the Monaro Farming Systems region of New South Wales.   

The land management systems compared included; 

1. New crop versus native pasture (2 sites) 

2. Pine plantation versus established cropping versus old perennial improved pasture (3 sites) 

3. Unlimed versus limed improved pasture (2 sites) 

4. North versus East aspect (2 sites) 

5. New crop versus old native pasture versus new introduced pasture (3 sites) 

6. Crop versus native pasture versus new improved pasture (3 sites) 

7. Old improved pasture versus new improved pasture (2 sites) 

8. High fertiliser (P) versus low fertiliser (P)  input native pasture system (2 sites) 

The results will provide a comprehensive benchmark of soil carbon stocks in 10cm increments to 

50cms at 19 sites across the Monaro and enable sophisticated modelling to demonstrate any likely 

soil carbon sequestration potentials.   For the systems that could be modelled using Grassgro® 

(high versus low fertility, aspect, some pasture comparisons) the results will provide an economic 

comparison of management strategies ie. a cost-benefit analysis based on the productivity 

potentials of these systems as well as a discussion regarding the scale of enteric methane 

emissions.  Measuring soil carbon variability at the three instrumented sites demonstrated the 

substantial variability of soil carbon on a paddock scale and the reliability and accuracy of sampling 

methods. 

The results from this project will value add to existing soil carbon research work on the Monaro, 

contribute to best practice guidelines for optimising soil carbon, while at the same time improving 

soil fertility and reducing carbon emissions and encouraging land managers to make evidence 

based decisions to increase overall productivity and longevity of their farm systems. 



Outcomes of this demonstration project will inform land managers of the types of practices that 

contribute to building and/or storing soil carbon, detail the relationships between inherent soil 

properties, climate and soil C profiles and identify the potential of soils under different land-use 

systems to sequester C. 

EXECUTIVE SUMMARY 

The purpose of this project was to identify and demonstrate farm management practices that may 

increase soil carbon (C) in the Monaro region, southern New South Wales. This was a landholder-driven 

demonstration project, with members of the Monaro Farming Systems group identifying the 

management practices to be monitored, including: liming, nutrient management, introduced perennial 

pastures and minimum disturbance cropping. A group of technical specialists identified 19 sites on 

commercial farms eligible for the project based on the land-system comparison, parent material, 

vegetation, management class as well as landholder cooperation and agreement. Sites had an existing 

history of the management practice being investigated and were in close proximity to the comparison 

management. All sites were sampled in late Spring in 2012 and 2014, to 50 cm. Analysis included C 

concentration and major soil chemical properties. This report presents the C stock data for 2012 and 

2014, and highlights the spatial and temporal variability of OC and the co-benefits of best management 

practices and increasing or maintaining OC in soil. Importantly, this report also discusses increases in 

biomass production within the context of reducing DSE emissions intensity and any offsets required for 

increases in stocking rates associated with production gains.  

Soil C was influenced by landscape attributes, including: soil depth, clay content, aspect, topography and 

relief. Depending on the extent of variation of these attributes within a paddock, C variation may be 

greater than the expected short term, detectable change in C concentration. Spatial variability of soil 

carbon across the paddock was investigated st five of the monitoring sites. Findings confirmed that the 

25 x 25 m quadrat may not be representative of the entire area under which the land management is 

occurring, that is, the paddock. In particular, the 25 x 25 m quadrat was vulnerable to the spatial 

variability of soil carbon, and this variability was generally greatest at sites with high soil C concentrations 

and particularly in pastures where plant growth can cause large variations in soil C. We demonstrated 

that where variogram modelling is not regarded as reliable due to clustered sampling, a nested linear 

model can be used to estimate variance between and within transects to describe whether sampling 

effort is better spent on more transects or more samples per transect.  

In 2012 and 2014, there was a strong positive correlation between total C %, and total N % and the C 

fractions. There was also a strong positive correlation between pH, CEC, available S and available P. The 

GrassGro modeled outputs for pasture based systems suggested that addressing critical soil nutrient 

levels (P and S) may increase herbage mass production. From a C sequestration perspective, this may 

increase the supply of OM to soil and may potentially lead to an increase in soil C. Key finding; increasing 

biomass production by addressing soil nutrient requirements may increase SOC stocks. 

The cropping comparisons highlighted opportunities for minimal disturbance cropping in this region on a 

range of soil types to at least maintain C stocks comparable to introduced pastures. It is hypothesised 

that the soil nutrient management programs associated with the cropping practice and the favourable 

climate years immediately before, and during this project, would have contributed to comparable C 

stocks. Under drier conditions, the C stocks may decline more under the crop compared with a perennial 



pasture. Key finding; in good years, cropping may maintain or increase soil C stocks relative to perennial 

pastures.  

 This field survey provides further evidence that parent material significantly influences the 

concentration and stock of C, as well as a range of soil properties that are potentially correlated with SOC 

via strong correlations with inherent fertility, biomass production and on clay content. Key finding; 

parent material has an effect on fertility and biomass production and on clay content which can 

influence the amount C stored in soils.  

The modelled GrassGro herbage mass production suggested little effect of aspect on the potential OM 

supply based on biomass production and there were no consistent results indicating an increase or 

decline in C stocks with liming an introduced perennial pasture. The results from the pasture age 

comparison were unexpected and did not follow the typical trend of a new pasture system rapidly 

increasing C stock initially, and then increasing at a declining rate over time. It would seem this is most 

likely due to a spatial sampling problem in this case. Key finding; if C stocks can rapidly increase at a site, 

it should be assumed that they could decrease just as rapidly. 

An additional, and important, component of this project was to model production potentials of the 

pasture-based systems. There was remarkable consistency in the enterprise emissions produced on a 

DSE basis. For example, for low fertility native pasture systems running the self-replacing merino 

enterprise typical of the Monaro region, emissions are estimated to be 195 kg CO2-e/DSE.  Introduced 

pastures at moderate fertility levels achieved a DSE emissions intensity of around 180 kg CO2-e/DSE, 

while when optimally fertilised, this can be reduced by a further 5 kg CO2-e/DSE. However, to claim 

reduced net emissions (that is, C sequestration), management that improves pasture production and 

increases carrying capacity of a native pasture by 2 DSE/ha will first need to offset  an increase in 

methane emissions of around 400 kg CO2-e/ha or 110 kg of carbon.  In rough terms if only 20% of any 

extra biomass produced is retained in the soil then the first 600-700kg of extra above ground biomass 

production would be needed to offset the extra livestock emissions even before accounting for any 

changes in other emissions sources.  

Economically, there are production gains associated with increasing soil fertility, but only when the extra 

pasture produced is utilised.  This means increasing stocking rates, and with that, livestock emissions. 

Calculations such as these make it clear that on farm decisions to increase pasture productivity will be 

made principally to increase livestock production and any value coming from C sequestration in soil will 

be relatively minor within the current quantum of its market value and given its variability in pasture 

based systems. 



 

METHODOLOGY 

Methods 

Section 1: Site selection, field sampling and analysis 

This section outlines site selection, soil sampling protocols and laboratory based analytical methods.  

Section 2: Summary of soil and site attributes for field survey sites 

This section provides a summary of key soil and site attributes for the 19 sites included in the field 

survey. 

Section 3: Methods and inputs used to model production of the grazed pasture systems. 

This section provides a summary of key model inputs and assumptions and software used to model the 

base grazed pasture systems at a selection of sites and the impact of management on associated 

emissions of enteric methane. 

 

Section 1 Site selection, field sampling and analysis 

Site selection  

Land use and soil type combinations were decided upon by members of the Monaro Farming Systems 

group. Sites were selected based on their parent material, vegetation and management class and 

proximity to comparison, as well as landholder cooperation and agreement. Sites were selected 

following a field trip by: Nancy Spoljaric (Project Officer, MFS), Luke Pope (formerly District Agronomist, 

NSW DPI) and Lachlan Ingram (Lecturer, University of Sydney). Comparisons are listed in Table 1.  

Sites were located on three distinct parent material types, typical of the Monaro region (Figure 2): 

 Tertiary basalt from the Cainozoic era (Basalt).  

 Ordovician sedimentary and low grade metamorphic rocks from the Palaeozoic era (Low Grade 

Metamorphics). This geology was typically highly weathered and altered shale, slate and phyllite.  

 Silurian granite from the Palaeozoic era (Granite). This geology was typically granite, granodiorite 

and syneite with high silicon contents. 

 



Table 1: Summary of the comparison with parent material class (IPP: Introduced Perennial Pasture, NPP: 

Native Perennial Pasture). All pasture paddocks were grazed. 

Parent 

material 
Comparison Treatment 

Basalt Crop (R01) vs NPP (R02)  Short term cropping (since 2012, previously NPP) 

paddock (barley in 2012) compared with a native 

perennial pasture. 

 Low fertiliser (Mc18) vs 

High fertiliser (Mc19) 

Low compared with high P,S input (since 2005) on 

a native perennial pasture. 

Low grade 

metamorphics 

IPP: Aspect North (H06) 

vs East (H07) 

North aspect compared with east aspect within 

the same paddock under an introduced perennial 

pasture (sown 1989). 

 Crop (J11) vs >35 yr old 

IPP (J15) vs Pine 

Plantation (P03) 

Long-term cropping (since 1998) paddock (oats 

2012) compared with an old introduced perennial 

pasture (sown 1960) and commercial pine 

plantation (established 2002). 

 Crop (J08) vs NPP (J09) 

vs <5 yr old IPP (J10) 

Short term cropping (since 2009, previously 

native perennial pasture) paddock (wheat 2012) 

compared with a native perennial pasture and a 

new introduced perennial pasture (sown 2010, 

previously crop since 2004). 

Granite IPP: Unlimed (H04) vs 

Limed (H05) 

Unlimed compared with limed paddock (2.5t/ha 

lime broadcast in 2002) under introduced 

perennial pasture (sown 1970). 

 IPP: >35 yr old (G16) vs 

<10 yr old (G17)  

Old (sown 1974) compared with new (sown 2003) 

introduced perennial pasture. 

 Crop (M12) vs NPP 

(M13) vs <5 yr old IPP 

(M14) 

Short term cropping (since 2011, previously 

introduced perennial pasture) paddock (wheat 

2012) compared with a native perennial pasture 

and new introduced perennial pasture (sown 

2012, previously crop since 2009).  



 

Figure 1: MFS AotG study site locations, Monaro region, south-eastern New South Wales. 

Site ID Comparison details     

Site 1 Crop (R01) B Native pasture (R02) B  

Site 2 High P (Mc19) B Low P (Mc18) B  

Site 3 Old Intro Pasture (G16) Sed New Intro Pasture (G17) Sed  

Site 4 Crop (M12) G Native pasture (M13) G New Intro Pasture (M14) G 

Site 5 No lime (H04) G Lime (H05) G  

Site 6 Crop (J08) Sed Native (J09) Sed New Intro Pasture (J10) Sed 

Site 7 Crop (J11) Sed Old Intro Pasture (J15) Sed Pine (03) Sed 

Site 8 West Aspect (H06) Sed East Aspect (H07) Sed   



 

Figure 2:  Geology of the study region: Basalt (green), low-grade metamorphics (pink) and granite (red). 

Site ID Comparison details     

Site 1 Crop (R01) B Native pasture (R02) B  

Site 2 High P (Mc19) B Low P (Mc18) B  

Site 3 Old Intro Pasture (G16) Sed New Intro Pasture (G17) Sed  

Site 4 Crop (M12) G Native pasture (M13) G New Intro Pasture (M14) G 

Site 5 No lime (H04) G Lime (H05) G  

Site 6 Crop (J08) Sed Native (J09) Sed New Intro Pasture (J10) Sed 

Site 7 Crop (J11) Sed Old Intro Pasture (J15) Sed Pine (03) Sed 

Site 8 North Aspect (H06) Sed East Aspect (H07) Sed   



 

 

Soil sampling and protocols 

All sites were sampled in late Spring (October and November) in 2012 and 2014. In 2012, there was some 

problems accessing some of the sites and extracting cores due to soil moisture. Some of these sites were 

therefore sampled in early December. For the field survey, 19 sites were sampled, with a total of 266 soil 

samples collected and analysed in both 2012 and 2014. For the spatial variability investigations, 5 sites 

were sampled, with a total of 441 soil samples collected to 0.3 m. For the inter-laboratory comparison, 

58 samples (0 to 0.50 m) were selected from the 2014 dataset to represent a range of C concentrations 

(0.30 to 4.73 TC g/100g).  

Field survey (2012 and 2014) 

Sites were sampled according to protocols developed by Sanderman et al. (2011) following McKenzie et 

al. (2000). This was in accordance with the original contractual agreements for sampling and analysis to 

be consistent with SCaRP protocols. Briefly, the sampling area was located in a representative area of the 

paddock and a GPS location of the sampling area was recorded. Soil sample collection points were 

selected randomly using probability sampling on a Latin square grid prior to arrival at the site. Each 

square on the grid was given the chance of being sampled only once.  

Ten cores were collected from each site to a depth of at least 0.50 m using a 40 mm core and a 

hydraulically driven core sampler. Soil cores were divided into five soil layers at depth intervals of 0-0.10, 

0.10-0.20, 0.20-0.30, 0.30-0.40 and 0.40-0.50 m and soil from each depth interval was bulked in the field 

to produce one representative sample for each soil layer. In addition, at each site three cores were 

collected to 0.30 m and divided into 0.10 m intervals, with samples analysed separately to obtain 

information on within-plot soil C variation.  

At each site four cores were carefully collected to 0.50 m using an 80 mm diameter core (40 mm 

diameter core in 2014) and a hydraulically driven core sampler for bulk density (BD) measurements 

(McKenzie et al., 2000). Bulk density was determined on whole soil samples dried at 105°C as described 

by Dane and Topp (2002) and results were calculated as BD in Mg/m³ (equivalent to g/cm³) on an oven-

dry basis to the nearest 0.01 Mg/m³. 

Spatial variability (2013) 

At five of the monitoring sites, the spatial variability of soil carbon across the paddock was investigated. 

This activity used a combination of transect and random points analysed with geostatistic techniques to 

understand the spatial variability of soil carbon across 0.10 m soil layers to 0.3 m in the paddock. At each 

of the five sites, three transects were sampled at staggered intervals (0, 1, 3, 6, 12, 25, 50, 100 m) 

collecting a total of at least 24 cores to 0.3 m. Point 1 (0 m) was chosen at random and then subsequent 

points were based on their straight line distance from Point 1 along a 100 m transect. Soil cores were 

divided into 0.10 m soil layers with samples kept separate for TC and TN analysis. The surface samples of 

the first and last cores from each transect were also analysed for P (Col) and PBI. The location of each 

core was recorded using a GPS.  



Protocols 

Following are the basic protocols that were followed for sample collection and preparation.  

Field sampling: 

 Use an appropriate core diameter 

 Use an appropriate coring tip (wet/dry) and record tip diameter 

 Do not use any coring tube lubricant 

 Avoid atypical areas (for example, manure patches, plant crowns etc) 

 Note and discard where necessary atypical samples unless relevant to study 

 Record core length and hole depth 

 Carefully cut core into appropriate intervals (that is, 0.10 m) 

 Scratch a reference depth onto the coring tube before cutting to prevent core creeping  

 Record actual core length where length differs from regular  sampling interval 

 Note presence of gravel by depth. If appropriate, note depth where soil boundaries occur 

 Store soils in an esky whilst in the field, and refrigerate until able to be dried 

 Transfer to oven @ 40°C as soon as possible 

Processing: Stage 1 – Sample drying and preparation 

 Ensure preparation area and oven is free of potential organic matter contamination 

 Set oven at 40°C 

 Roll down bags and push in corners of bags to facilitate drying. 

 Disturb/mix soils after 24hrs to facilitate drying 

 Oven dry (40°C) to constant weight (c. 3 days) 

 Sieve samples to 2 mm, record gravel content 

Processing: Stage 2 - Sample dispatch 

 Advise receiving lab that soils have been sampled. 

 Robustly package samples for transit to receiving lab. 

 Send soils to the NSW DPI Wollongbar Analytical Laboratory (NATA accredited) notifying 

receiving lab of dispatch 

 



Soil analysis 

Laboratories  

Analysis was largely performed either at the NSW DPI Wagga Wagga Agricultural Institute or Wollongbar 

Primary Industries Institute (Diagnostic Analytical Services). For the inter-laboratory comparison, and 

when there were technical problems with equipment, analysis was performed at the Environmental 

Analysis Laboratory at Southern Cross University. All of these laboratories are NATA accredited for soil 

analysis.  

Preparation 

Soil samples were oven-dried at 40°C, passed through a 2 mm sieve and ground to <0.5 mm using a 

single puck mill head (Rayment and Higginson, 1992; Method 1B1). Organic matter that was <2 mm was 

included in the soil sample.  

Total Carbon and Total Nitrogen  

Samples were tested for inorganic carbon (IC) using hydrochloric acid (HCl) and observing the degree of 

effervescence (Rayment and Lyons, 2011; Method 19D1) as well as screening sample with a pH (CaCl2) 

>7.0. No samples required pre-treatment for IC prior to total C (TC) analysis. Therefore soil organic 

carbon is reported as Total Carbon henceforth. Total carbon and total nitrogen (TN) were determined on 

all samples on approximately 2 g of finely ground soil using a LECO (TruMac CN, USA) combustion 

furnace (Rayment and Lyons, 2011; Method 6B2b). Results are reported as TC and TN as g/100g. 

Carbon stock calculations 

The mass of C to a given depth in a hectare of soil, referred to as the C stock (in Mg C/ha), was calculated 

at each site. On the assumption that there was no transfer of mass (that is, no erosion or deposition, 

which regardless of calculation method cannot be compensated for) the equivalent soil mass (ESM) 

calculation was used to compare temporal (2012 vs 2014) and treatment (between pairs or triplets) 

effects (Ellert and Bettany, 1995; Wendt and Hauser, 2013). Carbon stock was calculated using the 

equivalent soil mass (ESM) within a specified soil layer, for example 0 to 0.30 m soil layer. Carbon stock 

was first calculated in 0.10 m increments to 0.30 m or 0.50 m. For each site, the C stock was first 

calculated to a depth standard (DS) as; C stock (g/100cm2) = C concentration (g/100 g) x BD (g/cm3) x 

depth (cm) x gravel correction factor (1 – proportion gravel >2 mm), where C stock (g/100cm2) = C stock 

(Mg C/ha). Carbon stock using the ESM was then calculated. For temporal comparisons, that is changes 

within a site between 2012 and 2014, the 2012 soil mass was used as the reference soil mass. So 2012 C 

stocks were calculated to a depth standard (as a T0 reference soil mass) and 2014 C stocks for the same 

site were calculated based on a soil mass equivalent to 2012. Carbon stock in the ESM of the soil layer 

(e.g. 0 to 0.30 m) Mg C/ha = SOC stock (DS) of the soil layer to 0.20 m (or 0.40 m where C stocks to 0.50 

m were calculated) + ((SOC stock (DS) of the soil layer to 0.20 to 0.30 m (or 0.40 to 0.50 m) x (ESM for the 

total soil layer / actual soil mass for the total soil layer)). 

Carbon fractions (as predicted by Mid Infrared Spectroscopy) 

Particulate organic C (POC), humic C (HUM) and resistant organic C (ROC) fractions for 0-5 and 5-10 cm 

soil samples were predicted using Mid Infrared Spectroscopy (MIR) (Janik, 2006; Janik et al., 2007; 

Sanderman et al., 2011) at Wollongbar Agricultural Institute, New South Wales.  The C fractions 



predicted using this technique are described in Baldock et al., (2013). A Thermo Nicolet iS50 FT-IR 

spectrometer (Thermo Fisher Scientific Inc., MA, USA) equipped with a Pike AutoDiff automated diffuse 

reflectance accessory (Pike Technologies, WI, USA) was used to collect the spectra of samples from each 

sample. Soil samples were finely ground to <0.5 mm for 180s using a single puck mill head. 

Approximately 0.2 g of sample was placed into stainless steel auto sampler cups ensuring that the 

sample was level with the top of the cup. A silicon carbide disc (with assumed reflectivity of 100 %) was 

loaded into the centre of the sample tray to provide the initial background reference scan prior to each 

sample run. Each sample was scanned in the spectrometer 60 times with a KBr beam-splitter and DTGS 

detector, with a spectral range of 7800-400 cm-1 at 8 cm-1 resolution (Sanderman et al., 2011). Spectra 

were expressed in absorbance (A) units where A = Log Reflectance-1. The spectra were converted to 

GRAMS (*.SPC) format and imported into GRAMS/32 AITM/6.00 software. MIR spectra were collected 

for a set of calibration soil samples obtained from the National SCaRP Project. These samples had POC 

measured using the LECO combustion method on the >53 µm soil fraction, and ROC and HUM measured 

using a cross polarisation (CP) 13C Nuclear Magnetic Resonance analysis. A set of coefficients to convert 

the calibration MIR spectra to the POC, HUM and ROC fractions was estimated using partial least squares 

(PLS) regression. The calibration coefficients were stored and used to convert sample MIR spectra to 

estimated POC, HUM and ROC by a script written in the R software environment (R Core team 2015). 

Phosphorous (Colwell)  

Colwell Phosphorus (P Col) (Rayment and Lyons, 2011; Method 9B2) was determined on (composite) 

samples to 0.30 m. One gram of soil and 100 mL of extracting solution (0.5 M NaHCO3, pH 8.5) were 

shaken end-over-end for 16 hours at 25°C. The solution was then centrifuged (2000 rpm) prior to 

automated colorimetric analysis. Results are reported as P (Col) mg/kg on an air-dry basis of soil. 

Sulfur (KCl40) 

Extractable Sulfur (S KCl40) (Rayment and Lyons, 2011; Method 10D1) was determined on (composite) 

samples to 0.30 m. Thirty mL of 0.25 M KCl extracting solution at 40°C was added to 4.5 g soil, mixed and 

equilibrated in an oven at 40°C for 3 hours. Samples were then centrifuged (3000 rpm) for 20 minutes 

and set aside to cool to 25°C. The S concentration of the supernatant was determined using ICPAES. 

Results are reported as S (KCl40) mg/kg on an air-dry basis of soil. 

Cation exchange capacity 

Cation exchange capacity (CEC) was determined on the composite samples to 0.30 m. (Rayment and 

Lyons, 2011; Method 15E1). Four g of sample was weighed into a centrifuge tube and 40 ml 0.1 M 

Barium chloride/0.1 M Ammonium chloride extracting solution was added. Samples were shaken end-

over-end at 25°C for 2 hours, centrifuged (2000 rpm) and diluted (1:5) and analysed by ICP-AES. Results 

are reported as CEC cmolc/kg on an air-dry basis of soil. 

Soil pH (CaCl2) 

Soil pH (Rayment and Lyons, 2011; Method 4B1) was measured on the composite samples to 0.30 m. 

Twenty g of soil was mixed with 100 ml of deionised water and shaken end-over-end at 25°C for 1 hour. 

Five mL of 0.1M CaCl2 was added to the 1:5 soil/water suspension and samples were shaken end-over-

end at 25°C for 15 minutes. The unstirred supernatant was measured using a standardised pH meter. 

Results are reported as pH (CaCl2) on an air-dried basis of soil. 



Section 2 Summary of soil and site attributes for field survey sites   

-See Appendix 1 

Section 3: Methods and inputs used to model production of the grazed pasture systems. 

Model Selection 

A range of models are available which enable the characterization of certain aspects of grazed pasture 

systems. Different modelling approaches are useful for different purposes.  For example where economic 

optimization of farm and grazing systems is the goal a linear programming approach such as in MIDAS 

(Kingwell and Pannell, 1987) may be the most appropriate method.  Where estimates of total 

greenhouse gas emissions are most important, simple calculators such as FarmGas (Australian Farm 

Institute, 2009) or industry specific calculators such as Sheep GHG Accounting Framework V6 

(http://www.greenhouse.unimelb.edu.au/Tools.htm) based on the National Inventory methodologies 

(Australian Government ,2007).  

For this work we have chosen the biophysical simulation model GrassGro™  (Moore et al, 1997) due to its 

ability to simulate seasonal and annual variability in pasture and animal production based on the input of 

historical weather data. The GrassGro™ model has a history of use on the Monaro and significant effort 

has been put into developing and validating model parameters describing native grasses specifically for 

the Monaro Region (Moore et al 2010).  GrassGro™ has been extensively used by the MFS group to 

model local farm systems, the impact of seasonal forecasts and to add value to applied research results 

such as the MFS Merino Genetic evaluation. 

Model description 

GrassGro™ is a biophysical model which operates on a daily time-step using historical weather data as 

input to a layered soil water model and species specific pasture model to simulate pasture growth and its 

impact on feed availability and subsequent grazing animal production. User controlled characterization 

of model scenarios allows for the exploration of the sensitivity of systems to variations in management 

and growing conditions while the extensive range of outputs allows for us to extract information useful 

as input to further models for example Roth C or Fullcam 

Model Inputs 

Animal Genetics and Management 

A base model framework has been developed for previous analyses based on soil characteristics climate 

and pasture present at site 2.  A standardized sheep enterprise representative of the region has been 

developed for previous MFS analyses with the animal genotype selected representing commercial 

animals of mid-range genetic merit based on the MFS Merino genetic evaluation.  

 The enterprise is a straight bred merino ewe flock with a reference weight of 45kg and a typical 

wool cut of 5.6 kg and fibre diameter of 18.6 microns at a yield of 71%.  

 Ewes are shorn in April and Weaners in June.   

 Ewes have an average mating date of April 15th giving a mean birth date of the 11th of 

September.  Ewes are first joined as hoggets and are retained for 5 lambings. 

http://www.greenhouse.unimelb.edu.au/Tools.htm


 Wethers are sold as Weaners between 29 and 42 weeks of age. Actual sale date for any 

modelled year is determined by weaner growth rates and target finished sale weight.  If seasonal 

conditions lead to a halting of weaner growth rates for a period of at least 14 days animals are 

sold, other wie they are not sold until they are 50kg or 42 weeks old, which ever comes first. 

 Surplus young ewes are not sold until 15months old in December in around 6 months wool. 

 Since  GrassGro™ does not model death from malnutrition, animals must be fed to maintain a 

minimum body condition. Across all simulations all animals are fed wheat grain (13 Mj/kgDM) for 

maintenance when the average body condition score of the mob reaches CS 2. 

Soil Parameters 

Both soil chemical fertility and soil physical parameters are modelled. Fixed model parameters for each 

of the soil types modelled are described in Table 1. Soil physical characteristics are based on a 

combination of data sources. Where direct measurements have been taken these are the primary basis 

but for most sites  where no specific data is available, the soil atlas within GrassGro has been used to 

determine the likely soil characteristics based on the soil profile descriptions provided above. 

Table 2.1  Soil parameters for each soil type modelled (where two numbers are reported the first 

number is for top soil and second for subsoil) 

 Site 1  

(RO2) 

Site 2  

(MC19) 

Site 3  

(G16) 

Site 3   

(G17) 

Site 7  

(J15) 

Site 8 

(HO6) 

Site 8 

(HO7 

Cumulative 

Depth (mm) 

230  

700 

300  

1000 

300  

900 

290  

900 

300 

700 

270  

950 

320  

700 

Field Capacity 

(Vol) 

34% 

30% 

35% 

45% 

24% 

31% 

24% 

31% 

36% 

40% 

31% 

36% 

31% 

41% 

Wilting Point 

(Vol) 

18% 

18% 

 10% 

20% 

10% 

20% 

27% 

31% 

16% 

29% 

16% 

27% 

Bulk 

Density(Mg/m3) 

1.08 

1.18 

1.16 

1.2 

1.60 

1.70 

1.5 

1.55 

1.42 

1.6 

1.40 

1.78 

1.42 

1.75 

KSat (mm/hr) 300 

100 

300 

100 

30 

3 

30 

3 

30 

3 

100 

30 

100 

3 

Soil Evaporation 3.5 3.5 3.3 3.3 3.3 3.3 3.3 



mm/d^0.5 

Soil Albedo 0.17 0.14 0.17 0.17 0.17 0.17 0.17 

Soil chemical fertility is handled simplistically in the model through the use of a fertility scalar.  The soil 

tests shown in Section 2 were used in conjunction with the MLA P Tool 

(http://www.mla.com.au/files/72bb203f-c236-43e9-bf41-9dde00c83cb3/Ptool.xls) to estimate where 

the scalar should be set for each base system simulated and the P Tool used to calculate the appropriate 

scalar to represent the impact of fertiliser added to achieve elevated soil test levels.  

Pasture Characterisation 

GrassGro models individual pasture species and assumes direct and complete competition between the 

species being modelled in the same space.  This method does tend to over-estimate the effect of 

competition on species composition as in reality species find spatial niches in the pasture and full 

competition tends to only occur at the interface between these niches.  For this reason the composition 

of pastures being modelled is simplified to the minimum number that represents the functional groups 

of species present.  For example most improved pasture systems are confined to one perennial grass, 

one annual grass and one legume while the native pasture is confined to the two main native perennial 

grasses (Poa spp and Austrostipa spp) and one or two representative legumes. For the native systems the 

dominant legumes are naturalized clovers such as clustered clover which in previous modelling of native 

pastures on the Monaro  has been found to be best represented by a short seasoned hard seeded variety 

such as Paraggio Medic.  

Because initial biomass parameters can affect the results of the first few years of the simulation these 

have been set to plausible numbers for the starting day of year (1 Jan) and then the model “spun up” 

from 1960 to the required simulation starting date of 1970.  This process removes any bias that might be 

caused by setting arbitrary initial state variables and starting the simulations at 1970 with no “spin-up)  

process.  This process so dilutes the importance of the starting state variables as to leave only the 

maximum rooting depth and the total seed pool inputs as critical initial parameters.   

In the case of the rooting depth the model creates a default based on the soil bulk density (BD) measure 

(lower BD leads to deeper rooting depth). In most cases the default depth is used except where soil 

characteristics would suggest a root limitation not related to BD . For example  soil acidity / Aluminium 

Sat% on site G16 compared to G17 indicated the rooting depth of phalaris should be reduced relative to 

cocksfoot since it is a more acid and Aluminium sensitive species.  In native pastures experience has 

shown that Poa also requires some reduction to its default rooting depth in order that model predicts a 

more stable contribution from the other species. 

http://www.mla.com.au/files/72bb203f-c236-43e9-bf41-9dde00c83cb3/Ptool.xls


Table 2.2  Pasture model inputs for maximum rooting depth (mm) and initial total seed pool (kg/ha) at 

each site. All other initial parameters were determined by a process known as “spinning-up” where the 

model  is run for a 10 years prior to the period of comparison so as to allow the state variables of each 

species to equilibrate. (Seed pools are only modelled for annual species and are shown in italics.) 

Species Site 1  

(RO2) 

Site 2  

(MC19) 

Site 3  

(G16) 

Site 3   

(G17) 

Site 7  

(J15) 

Site 8 

(HO6) 

Site 8 

(HO7 

Phalaris   450* 600 580 350 400 

Cocksfoot   500 590    

Sub Clover  400 

270 

320 

400 

420 

400 

420 

400 

310 

800 

350 

800 

Annual Grass – 

short season 

    500 

800 

310 

800 

350 

800 

Poa sieberiana 580* 750*      

Austrostipa spp. 700 820      

Medic - paraggio 700 

200 

400 

230 

     

*Rooting depth reduced from default settings. 

NB: An empty cell just indicates that that species was not part of the pasture at that site 

Weather Data 

For any location simulated GrassGro requires daily time-step weather data for Rainfall, Max Temp, Min 

Temp, Solar Radiation and Potential Evapo-Transpiration (plus wind to calculate chill on stock).  For all 

locations simulated the Silo data drill facility on the QDPI Long Paddock web site 

(https://www.longpaddock.qld.gov.au/silo/datadrill/) provides the only reasonable source of complete 

sets of weather with all elements required. Data drills for the coordinates of each location modelled was 

downloaded and imported into GrassGro.  As Silo data drills do not include wind the wind data was filled 

from the Bombala standard GrassGro weather locality as the nearest data available. GrassGro only uses 

wind to calculate chill index which influences the energy use by shorn sheep and survival rates of new 

born lambs. 

For the aspect site (site 8) each slope was instrumented with an automatic weather station which 

collected rainfall, max and min Temperatures, max and min relative humidity (RH), wind speed and solar 

radiation.  This was done to ascertain any micro climate effects on the differing aspects.  Comparisons 

https://www.longpaddock.qld.gov.au/silo/datadrill/


between aspects were made for the major elements and where elements varied with aspect the 

relationship was used to adjust the Silo Data Drill data.  

Rainfall 

Rainfall data was analyzed and there were significant divergences between the data from each aspect.  

The nature of this data suggested that the tipping bucket devices had intermittent faults showing periods 

where significant rainfall would be recorded in one gauge and no rainfall at all recorded in the other. 

Moreover the agreement with regard to wet and dry days between the onsite data and the data drill was 

also poor.  This poor relationship made it impossible to ascertain a reliable relationship between the site 

measurements and the data drill and so as the modelling required a long time series of data the 

unaltered data drill was accepted as the best available data. 

Temperature 

There was no significant divergence in either maximum or minimum temperatures by aspect for the 

period from February 2013 to February 2015. Figure 3.1 shows linear regressions of North vs East Aspect 

for both Max T and Min T and slope for both relationships was not significantly different from 1 while 

intercepts were very close to zero. On the basis of no aspect effect on temperature Silo data drill data 

was not transformed in anyway being used as sourced for simulations of both aspects. 

Figure 3.1 Relationship between Max and Min temperature for each aspect. 

  

  

Wind 

Wind data collected on site for each aspect indicates that the north aspect was more exposed to wind 

than the east slope. A linear regression of the data gave an equation of  Wind Speed (North) = 1.1109 x 

Wind Speed (East) + 0.437 (Figure3.2) although the correlation was not strong. 

Radiation 

On the basis that the radiation data was collected from sensors mounted level on each aspect there was 

no systematic difference in the raw data and the correlation was high with an R2 of 0.96 (figure 3.2). 

However since the ground is not level and is at a different angle to the sun’s rays on each aspect, the 

slope and direction of the slope was used to determine the effective area of each of the sensors 

compared to if they had been mounted parallel with the slope.   

Figure 3.2 Relationship between radiation and wind for each aspect. 



  

 
 

Effective area was calculated using the equation 

 Effective area = COS(1.570796-E) – COS((1.570976-E)-Slope) 

Where E is the midday elevation of the sun in radians for the day of year and Slope is the northerly slope 

component of each aspect in radians). 

The effective area has been used to correct the Silo radiation data such that the radiation data for the 

north slope is higher than for the east slope. Due to seasonal differences in the elevation of the sun the 

difference in actual incident radiation is greatest in the winter (fig 3.3 a). 

Evapotranspiration  

No data was collected on site for evaporation so Evaporation was derived from Temperature (T), 

Relative Humidity (RH), Radiation (Rad) and Wind data in accordance with the methods of Allen 

et al (1998) commonly referred to as FAO 56.  Vapour pressure (VP)  at T(min) and T(max) was 

calculated by assuming that the RH(max) and RH(min) occurred at the same time as Min and 

Max Temp respectively.  This was then used to calculate and average daily VP which was used in 

accordance with the FAO 56 equation for calculating Reference ET in crops. Calculations were 

done in a spreadsheet provided by Dr Andrew Moore of CSIRO which also provided the facility of 

recreating a modified  text file in the same format as the silo data drill as needed for use in 

GrassGro. Since there were no significant differences in Temps or VP between the aspects the 

differences in evaporation (fig 3.3b) between slopes stem from the difference in incident 

radiation and wind.  



Figure 3.3 Differences in incident radiation (a) corrected for slope and potential 

Evapotranspiration (b) calculated according to FAO 56 and corrected for aspect differences in 

radiation and wind. 

a) Radiation b)Potential Evapotranspiration 
 

 

 

  

Stocking Rates. 

All cooperating landholders gave an estimate of the current stocking rate of the paddocks sampled.  

Once soil physical parameters were set the soil fertility scalar was adjusted to the minimum level that 

enabled the base simulation to achieve the recorded carrying capacity without compromising ground 

cover and hence sustainability.  In a manner similar to Warn et al (2006) the ground cover threshold was 

set to maintain ground cover above a minimum of 70% for at least 7 years in 10. The baseline fertility 

scalar was then used as an anchor point in the MLA PTool to determine the scalar that should be used to 

represent incremental changes in soil fertility from the application of fertiliser and stocking rates were 

then subsequently increased until the same ground cover rule was met.  This ensured that all systems 

were being compared at their maximum sustainable stocking rate in order to give more valid economic 

comparison. 

Costs and Prices 

Wool and meat prices were set to the average for the 2014 calendar year based on data recorded by the 

Australian Wool Exchange (AWEX) and the MLA National Livestock Reporting Service (NLRS).  Costs were 

based on the costs recorded in the NSW DPI Sheep Gross margin budgets October 2014 

(http://www.dpi.nsw.gov.au/agriculture/farm-business/budgets/livestock#Sheep-gross-margins---

October-2014). Both these data sets were summarized by Mr Phillip Graham of NSW DPI and provided in 

the form of GrassGro system components for direct use in our modelling and we acknowledge Mr 

Graham for his contribution.  The actual parameters used are summarized in Table 2.3 below. 

http://www.dpi.nsw.gov.au/agriculture/farm-business/budgets/livestock#Sheep-gross-margins---October-2014
http://www.dpi.nsw.gov.au/agriculture/farm-business/budgets/livestock#Sheep-gross-margins---October-2014


 

Table 2.3 Summary of Costs and prices used to generate model economic outputs across all sites 

modelled. 

Costs: 2014 Merino Price: 2014 Merino 

Shearing  $/hd 6 Wool 
Prices 

17 micron 1301 c/kg clean 

Ewe Husbandry $/hd 6 18 micron 1245 c/kg clean 

Lamb Husbandry $/hd 5.75 19 micron 1199 c/kg clean 

Rams $/hd 5.50 20 micron 1174 c/kg clean 

Sheep Sale 

Commission  

% 

 

5 

 

Ewe Sales Base Price $2.95 /kg CWT 

Dressing % 42% 

Sheep Sales Cost $/hd $2.00 Skin Price $1.00/hd 

Supplement  

(Whole Wheat) 

$/tonne $280.00 Hogget 
Sales 

Base Price $80.00/hd 

Lamb Sales Base Price $3.00 /kg CWT 

    Dressing % 43% 

    Skin Price $5.00/hd 
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DISCUSSION & RESULTS 

 

Results and Discussion - Inter-laboratory comparison and Spatial sampling design 

1. Inter-laboratory comparison  

A total of 58 soil samples (0 to 0.50 m) were selected for the inter-laboratory comparison. These samples 

were selected to represent the range of C concentrations present in the 2014 dataset (0.30 to 4.73 TC 

g/100g). The two laboratories compared were the Wollongbar Primary Industries Institute (DAS) and the 

Environmental Analysis Laboratory (EAL) at Southern Cross University. Both laboratories were NATA 

accredited and therefore able to offer the analytical services required for monitoring soil carbon.  

There was good agreement (R2 = 0.9953) between TC concentration g/100g measured at the DAS and 

EAL laboratories for all samples selected in the comparison (Figure 4.1). There are several potential 

reasons for the small discrepancies between reported C concentrations. Firstly, differences may be due 

to C variation in the subsamples that are analysed by LECO combustion (the same subsample cannot be 

run on both machines due to the destructive nature of combustion-based analysis). To test this, the 

difference in C concentration between EAL and DAS were compared (Figure 4.2). In general, EAL 

reported higher TC concentrations (50 out of 58 samples) compared with DAS (Figure 4.2); differences in 

values ranged from -0.10 to 0.23 g/100g C. It is unlikely that subsample C variation would be consistently 

higher at one laboratory. There was no relationship between the difference in measured TC 

concentration and samples with high TC concentration. That is, the differences did not become larger as 

the concentration of C increased. So the alternate reasons for these differences are the combusting 

temperature; 1400 vs 1350°C for DAS and EAL respectively, or the C concentration of the 

calibration/standard samples used at each laboratory. Given little difference in the furnace temperature, 

differences in the calibration/standard samples is the most likely reason.  

Regardless, in the context of the actual differences in C concentration, most are below the limit of 

reporting of the LECO (0.2).    

 

Key messages 

- There was very good agreement in measured C concentration between the two NATA accredited 
laboratories compared in this study.  

- For quality assurance with soil C measurements, NATA accredited laboratories are the preferred 
providers.  

 

 

 

 



 

 

Figure 4.1 

Total carbon concentration (TC g/100g) as measured using the LECO combustion method at two 

laboratories (DAS and EAL). Trend line is linear.  

 

Figure 4.2  

Difference in total carbon concentration (TC g/100g) between EAL and DAS laboratories.  

EAL - DAS; measured difference in TC g/100g
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2. Spatial sampling design 

At five of the monitoring sites, the spatial variability of soil carbon across the paddock was investigated. 

This activity used a combination of transect and random points analysed with geostatistical techniques 

to understand the spatial variability of soil carbon across 0.10 m soil layers to 0.3 m in the paddock. The 

five sites selected to investigate soil carbon variation included: Crop (J11), Old introduced pasture (J15), 

New introduced pasture (J10), North aspect (H06) and East aspect (H07) (Figure 4.3, 4.4, 4.5). Soil cores 

were analysed for total C in 3 layers; 0-0.10, 0.10-0.20 and 0.20-0.30 m. The statistical analysis aimed to 

provide advice on future sampling effort required to estimate average TC in these paddocks for the 

surface soil layer (0-0.10 m) and averaged to 0.30 m.  

The north and east aspect sites were located within the one paddock. It is not unusual to find differences 

in aspect, slope and soil type within the one paddock. In particular, in such a topographically variable 

landscape several soil profiles often exist within the one paddock or management zone (for example see 

Figure 4.6, 4.7).  As a consequence of different soil profile attributes, soil with different aspects may have 

different water and nutrient holding capacity and overall soil depth which will influence the persistence 

of introduced pastures. Treating a paddock with these often obviously different environmental features 

can present challenges when paddock-based management decisions are made or when soil C monitoring 

is based entirely on one management zone. It was anticipated that treating the areas within a paddock 

with different aspects separately, might offer an efficient sampling solution for landholders undertaking 

soil C investigations. For the monitoring sites, these aspects were kept separate. However, for the soil C 

variation study, it was assumed that sampling would occur at a paddock (not aspect zone) scale and both 

aspects were covered in the paddock-scale variogram. 

The old introduced pasture, cropping and newly introduced pasture paddocks were all within close 

proximity to one another. The old pasture was selected to investigate the influence of long-term 

perennial pasture inputs on soil carbon variation. It was expected that there would be greater variability 

in soil C in the surface soil layers at this site, compared with the cropping paddock where it was expected 

that more labile and vulnerable forms of organic matter would have been degraded as a consequence of 

fertiliser and soil disturbance. The newly established pasture was included to investigate the influence 

that pasture age has on soil C variability at the paddock scale.  

 

 



 

Figure 4.3 

 

Location of sampling point clusters for five sites included in the soil carbon variation study: Crop (J11), 

Old introduced pasture (J15), New introduced pasture (J10), North aspect (H07) and East aspect (H07). 

 

Figure 4.4 

Location of three sites (and sampling pointes within the sites) included in the soil carbon variation study: 

Crop (J11), Old introduced pasture (J15) and New introduced pasture (J10).  



 

Figure 4.5 

Location of two sites (and sampling pointes within the sites) included in the soil carbon variation study: 

North aspect (H07) and East aspect (H07).   

 

Figure 4.6 

Soil profile to 1 m on the East aspect (H06) of the soil carbon variation site. Note the increased clay 

content and mottling in the B horizon (indicating seasonal water-logging).  

East aspect 



 

Figure 4.7 

 Soil profile to 1 m on the North aspect (H07) of the soil carbon variation site. Note the strongly bleached 

and leached A2 horizon and coarse quartz gravel layer at 0.70 m.  

North aspect 



3. Spatial Sampling Patterns 

Sampling using a 25 x 25 m quadrat (such as those detailed in the SCaRP protocols) are useful for field 

surveys and establishing monitoring sites to investigate trends in soil C over time. However, they are not 

designed to capture information on the spatial variability in C concentration at the paddock scale.  Table 

4.1 compares the mean total C, total N, P (Col), pH and available S for the surface 0.10 m layer for the 

same site sampled either using the 25 x 25 m quadrat (SCaRP protocols; where one composite sample 

was made in the field using 10 cores) or three transects (of 8 cores each and analysed separately and an 

additional 10 random points for the Aspect sites) located across the paddock for the soil carbon variation 

study.  

The concentration of soil C is influenced by landscape attributes, including: soil depth, clay content, 

aspect, topography and relief. Therefore it was not expected that mean C concentrations would be the 

same under grid and paddock scale (transect) sampling strategies; as one reflects a small, but 

representative, portion of the paddock while the other captures information at the paddock which may 

include considerable variations in landscape, soil and land management  attributes. However, from a C 

sequestration point of view it is interesting to compare variability in mean C concentration depending on 

which sampling strategy was used. Mean C concentration was generally lower for the sites when 

sampled using the 25 x 25 m quadrat compared with transects for all sites except the New Introduced 

Pasture (J10). At some sites the difference in C concentration was considerably more than would be 

expected with a change in land management or land use, for example 1.7 vs 3.0 TC % for the Old 

Introduced Pasture (J15) site. In general, the difference in mean TC concentration was consistent with 

field notes and paddock variability at each site. For example, the Crop paddock (J11) is inherently more 

compared with the Old Introduced Pasture (J15) and New Introduced Pasture (J10), where there were 

considerable within-paddock differences in relief and topography, therefore soil depth and clay content.  

There was greater variability in C concentration at the soil surface compared with the 0.10 – 0.20 and 

0.20 – 0.30 m soil layers (Table 4.1 and Table 4.2). Interestingly, similar mean C concentrations were 

measured regardless of grid or paddock scale sampling in the Crop and Aspect paddocks for the 0-10 – 

0.20 and 0.20 – 0.30 m soil layers. In contrast, there was considerably more C reported at the paddock 

scale (where transects were used) compared with the 25 x 25 m quadrat  mean C concentrations.  

There was very little difference in TN at any site regardless of the sampling design used. This was also the 

case for soil pH at the Old Introduced Pasture (J15) and the Aspect sites (H06 and H07). However, for the 

Crop (J11) and New Introduced Pasture (J10) sites, there was significantly higher mean soil pH, P (Col) 

and S measured using the 25 x 25 m quadrat  compared with the transects. At sites where established 

introduced perennial pastures were present (Old Introduced Pasture J15 and the Aspect sites H06 and 

H07), P (Col) and S were lower using the 25 m x 25 m quadrat compared with transects.  

Depending on the purpose of soil sampling, the implications of sampling design may be significant and 

costly. If the purpose of soil sampling is to determine the nutrient concentrations for fertiliser application 

at the paddock scale, then measuring these soil chemical properties across the most representative 

part(s) of the paddock will provide the best information for calculating soil nutrient requirements. For 

investigating soil C, it is important to understand that the 25 x 25 m quadrat  provides adequate 

information for that point in the field survey and may not be representative of the entire area under 

which the land management is occurring (that is, the paddock).  

 



Table 4.1 Mean total C (%), total N (%), P (Col; mg/kg), pH and available S (mg/kg) for the surface 0.10 m 

of each site soil C variation site sampled either using a 25 x 25 m quadrat  (composite of 10 cores) or 

three soil carbon variation transects (24 cores analysed separately for J10, J11 and J15; and 34 cores for 

H06 and H07). Standard error of means in parentheses. 

Treatment Sampling style TC % TN % 
P (Col) 
mg/kg pH (CaCl2) 

S (KCl40) 
mg/kg 

Old Intro Pasture 25 x 25 m quadrat 1.7 0.2 16 4.5 5.4 

  Transects 3.0 (0.19) 0.2 (0.02) 27 (2.02) 4.5 (0.04) 12.6 (1.36) 

Crop 25 x 25 m quadrat  1.6 0.2 32 5.5 20.0 

  Transects 1.8 (0.07) 0.2 (0.01)  45 (2.62) 4.5 (0.07) 7.4 (0.52) 
New Intro 
Pasture  25 x 25 m quadrat  2.7 0.3 48 5.4 15.0 

  Transects 2.0 (0.12) 0.2 (0.01) 31 (2.67) 4.7 (0.12) 9.4 (2.23) 

East Aspect 25 x 25 m quadrat  2.5 0.2 19 4.6 4.6 

  Transects 2.5 (0.07) 0.2 (0.01) 23 (9.46) 4.6 (0.09) 9.3 (1.32) 

North Aspect 25 x 25 m quadrat  2.1 0.2 20 4.6 4.0 

  Transects 3.0 (0.11) 0.3 (0.01) 33 (8.36) 4.6 (0.09) 10.3 (1.78) 

 



Table 4.2 Mean total C (%) for the 0 - 0.10 m, 0.10 – 0.20 and 0.20 – 0.30 m soil layers for the soil C variation sites sampled using a 25 x 25 m quadrat  

(composite of 10 cores) or three soil carbon variation transects (24 cores analysed separately for J10, J11 and J15; and 34 cores for H06 and H07). Standard 

error of means in parentheses.  

Depth (m) 

Old Intro Pasture Crop New Intro Pasture North Aspect East Aspect 

Quadrat Transects Quadrat Transects Quadra Transects Quadrat Transects Quadrat Transects 

0 – 0.10 1.70 2.99 (0.19) 1.60 1.8 (0.07) 2.70 2.03 (0.12) 
2.0 3.0 (0.11) 2.5 2.5 (0.07) 

0.10 – 0.20 1.02 1.60 (0.14) 0.73 0.69 (0.04) 1.30 1.00 (0.05) 
1.0 1.3 (0.06) 0.9 1.1 (0.10) 

0.20 – 0.30 0.64 1.12 (0.10) 0.52 0.47 (0.04) 1.00 0.68 (0.03) 
0.5 0.6 (0.03) 0.5 0.6 (0.07) 

 



Soil carbon variation at the Crop (J11), Old introduced pasture (J15) and New introduced pasture 

(J10) sites 

There were significant logistical issues with sampling the Crop (J11), Old introduced pasture (J15) and 

New introduced pasture (J10) (Figure 4.4) sites. There were several attempts to sample these sites over 

several months, however, site access was restricted due rain. When the sites dried out, other reasons 

limited the area of the paddock available to sample. For the Old introduced pasture paddock (J15), 

several low lying areas remained inaccessible due to water logged soil. In the Crop paddock (J11), a 

recently sown crop and the airstrip (down the centre of the paddock) limited access to the paddock. In 

the New introduced pasture (J10) paddock, merino ewes were lambing so coring had to occur well away 

from lambing ewes restricting access to large parts of the paddock.  

Given the delays due to rain and these other circumstances, changes to the sampling strategy were 

unavoidable. Therefore, for these sites (Crop J11, Old introduced pasture J15 and New introduced 

pasture J10) the number of cores and transects was relatively small and the spatial distribution of 

transects gave a clumped distribution of distances between cores (Figure 4.8, 4.9, 4.10). When we 

attempted to fit variograms to the data, information on semi-variance was low in the 0-150 m range and 

non-existent in the 200-500 m range. Variogram modelling was therefore not regarded as a reliable 

approach to these data so a nested linear model was used to estimate variance between and within 

transects. Those estimates were used to described whether sampling effort was better spent on more 

transects or more samples per transect. 

The nested linear model used was:  

y = mu + transect + error 

 Where; 

  mu = average total C at surface (0 – 0.10 m);  

transect = random effects of transect assumed distributed N(0,Vt) and error assumed distributed  

N(0,Ve).  

 

With t transects and s cores per transect, the theoretical standard error of the sample mean (sem) is:  

sem = sqrt((Ve+s*Vt)/(t*s)). 

 Where; 

  Vt = variance between transects 

  Ve = variance of error 

  t = number of transects 

  s = number of samples 

 



Estimates of Ve and Vt were obtained from the data and the effect of changing t and s demonstrated by 

calculating half 95% confidence interval widths. For the surface soil layer (0 to 0.10 m), it was 

demonstrated that for a given amount of sampling effort (total cores), it is more efficient to increase the 

number of transects than the number of cores per transect. For example, if 50 cores were going to be 

sampled in a paddock, a better estimate of mean soil C is gained through 10 transects of 5 cores 

compared with 2 transects of 25 cores. Similar to the surface soil layer, when data is average to 0.30 m it 

is better to conduct more transect sampling with less cores compared with less transects with more 

cores. The main difference was that there is less variability when calculated half 95% confidence interval 

widths are compared.  
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Figure 4.8 

Core locations for the Old introduced pasture (J15); spatial distribution of transects gave a clumped 

distribution of distances between cores. Transect 1 (T1), transect 2 (T2), transect (T3) and random cores.   
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Figure 4.9 

Core locations for the Crop (J11); spatial distribution of transects gave a clumped distribution of 

distances between cores. Transect 1 (T1), transect 2 (T2) and transect (T3).  
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Figure 4.10 

Core locations for the New introduced pasture (J10); spatial distribution of transects gave a clumped 

distribution of distances between cores. Transect 1 (T1), transect 2 (T2) and transect (T3). 
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Figure 4.11 

Old introduced pasture (J15) comparisons of calculated half 95% confidence interval widths for number 

of transects compared with cores per transect for the surface 0.10 m. Average total C = 3% (sem = 0.4). 
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Figure 4.12 

Old introduced pasture (J15) comparisons of calculated half 95% confidence interval widths for number 

of transects compared with cores per transect for the for the averaged 0.30 m. Average total C = 1.9% 

(sem = 0.3%). 



5 10 15 20

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Number of samples per transect

H
a

lf
 w

id
th

 o
f 

9
5

%
 c

o
n

fi
d

e
n

c
e

 i
n

te
rv

a
l 
(C

%
)

1 transects
2 transects
5 transects

10 transects

 

Figure 4.13 

Crop (J11) comparisons of calculated half 95% confidence interval widths for number of transects 

compared with cores per transect for the surface 0.10 m. Average total C was 1.8% (sem = 0.2%).  
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Figure 4.14 

Crop (J11) comparisons of calculated half 95% confidence interval widths for number of transects 

compared with cores per transect for the for the averaged 0.30 m. Average total C = 0.98% (sem = 

0.13%).
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Figure 4.15 

New introduced pasture (J10) comparisons of calculated half 95% confidence interval widths for number 

of transects compared with cores per transect for the surface 0.10 m. Average total C = 2.1% (sem = 

0.26%) 
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Figure 4.16 

New introduced pasture (J10) comparisons of calculated half 95% confidence interval widths for number 

of transects compared with cores per transect for the for the averaged 0.30 m. Average total C = 1.24% 

(sem = 0.14%) 

 



a) Soil carbon variation at North aspect (H06) and East aspect (H07) sites 

In contrast to the other three soil carbon variation sites previously discussed, the North and East aspect 

sites were sampled as planned (Figure 4.16). As the North and East aspects occur within the same 

paddock, soil carbon variation at the paddock scale includes both sites. Table 4.3 presents the mean C 

concentration of each soil layer to 0.30 m for the North (H06) and East (H07) aspect.  

 Table 4.3 

Mean TC % with standard error in parentheses for soil layers for the North and East aspects. 

Soil depth (m) North (H06) East (H07) 

0 – 0.10 3.02 (0.11) 2.49 (0.07) 

0.10 – 0.20  1.31 (0.06) 1.10 (0.10) 

0.20 – 0.30  0.59 (0.01) 0.61 (0.07) 
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Figure 4.16 

Core locations for the North aspect (H06) and East aspect (H07) sites. North aspect (H06): Transect 1 

(NT1), transect 2 (NT2), transect (NT3) and random cores (Nx). East aspect (H06): Transect 1 (ST1), 

transect 2 (ST2), transect (ST3) and random cores (Sx). 



Surface 0.10 m 

The mean TC concentration for this paddock in the surface 0.10 m was 2.8 %.  

The empirical variogram for these data for the surface 0.10 m is shown in Figure 4.17. A spherical 

correlation model was chosen from several candidate models as visually the best fit. Parameter 

estimates were as follows: Sill = 0.18, Nugget = 0.12 and Range = 472 m. This implies a sampling variance 

of 0.3/N for n random samples taken greater than 472 m apart. 

The effect of increasing sample size on precision of the sample average was demonstrated by calculating 

half 95 % confidence limits for a range of sample sizes as shown in Figure 4.18. With 2 random samples 

at >472 m spacing, the long run expectation is the true mean will be within +/- 1.7 % of the sample mean 

with 95% probability.  Increasing to 10 samples reduced the expectation to +/- 0.4 %.  
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Figure 4.17 

Empirical and fitted variogram for total C % for the surface soil layer (0.10 m) of the North and East 

aspect sites. Parameter estimates were: Sill = 0.18, Nugget = 0.12 and Range = 472 m.  
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Figure 4.18 

Half width of 95% confidence interval for random samples (> 472 m apart) for the North and East aspect 

sites. 

 

Average TC to 0.30 m  

The average total C for this site in the 0 to 0.30 m was 1.5% (sem = 0.05%) 

The empirical variogram for average total soil C to 0.30 m is shown in Figure 4.19. Attempts to model 

spatial correlation were unsuccessful so a random process was concluded with sample variance 

estimated from the linear model y = mu + error. This value (S2 = 0.14) was used to calculate 95% 

confidence limits for averages based on a range of sample sizes (Figure 4.20).  Figure 4.20 demonstrates 

that precision comparable to the surface samples can be achieved with fewer observations. For example, 

a 95% confidence interval of +/- 0.4% C could be achieved with 5 samples compared with 10 at the 

surface.  
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Figure 4.19 

Empirical variogram for average total C to 0.30 m for the North and East aspect sites. Horizontal line 

indicates estimated sample error variance. 
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Figure 4.20 

Half width of 95% confidence interval for random samples for the Aspect sites. 



Outputs from the VESPER software program 

The spatial variation in soil C for the North and East aspect sites were also analysed and interpreted using 

the VESPER software program (Whelan et al., 2001). For this process, the soil C concentrations for the 

three soil depths were kriged to determine the spatial statistics of the dataset and the relationship 

between pairs of cores. The kriging analysis enabled the information on soil C concentration to be 

extrapolated to the paddock scale by predicting soil C concentration in regions of the paddock that were 

not sampled. This process was undertaken using the VESPER software program (Whelan et al., 2001) 

using a 10 x 10 m grid (Figure 4.21, 4.22). The results of the kriging (for the 0-10 and 0-30 cm depths) 

were then mapped using ArcGIS (v10.1, ESRI, CA, USA) (Figure 4.23). 

 



 

Figure 4.21 

Total C predictions (left) and standard deviations of predictions (right) in the surface 0.10 m soil layer 

mapped using Vesper Software. 

 

Figure 4.22 

Total C predictions (left) and standard deviations of predictions (right) in the surface 0.30 m soil layer 

mapped using Vesper Software. 



 

Figure 4.23 

Paddock map for the North (H06) and East aspect (H07) sites, total C % for the 0 – 0.10 m soil layer and 

total C % for the 0 – 0.30 m soil layer.  



Key messages 

- Depending on the purpose of soil sampling, the implications of sampling design may be 

significant and costly.  

o To determine the nutrient concentrations for fertiliser application at the paddock scale, 

then collecting soil samples across the most representative part(s) of the paddock will 

provide the best information for calculating soil nutrient requirements. Where possible, 

and practical, sample according to the land classes in the paddock.  

o For investigating soil C, it is important to understand that the 25 x 25 m quadrat  

provides adequate information for that point in the field survey but may not be 

representative of the entire area under which the land management is occurring (that is, 

the paddock).  

- The 25 x 25 m quadrat is vulnerable to the spatial variability of soil carbon. This variability is 

generally greatest at sites with high soil C concentrations and particularly in pastures where 

plant growth can cause large variations in soil carbon. 

- Where variogram modelling is not regarded as reliable due to clustered sampling, a nested linear 

model can be used to estimate variance between and within transects to describe whether 

sampling effort is better spent on more transects or more samples per transect. 

- This activity demonstrated that for a given amount of sampling effort (total cores), it is better to 

increase the number of transects, than the number of cores per transect. For example, if 50 

cores were going to be sampled in a paddock, a better estimate of mean soil C is gained through 

10 transects of 5 cores compared with 2 transects of 25 cores.  

- Site specific variograms can inform sampling design and effort. For example, at the aspect sites, 

the parameter estimates (empirical variogram, spherical correlation model) for the surface 0.10 

m of the North and East aspect site were: Sill = 0.18, Nugget = 0.12 and Range = 472 m. This 

implies a sampling variance of 0.3/N for n random samples taken greater than 472 m apart. At 

this site, with 10 random samples at >472 m spacing, the long run expectation is the true mean 

will be within +/- 0.4 % of the sample mean with 95% probability for the surface 0.10 m 

compared with 5 random samples for the 0 to 0.30 m soil layer. 

- The concentration of soil C is influenced by landscape attributes, including: soil depth, clay 

content, aspect, topography and relief. Depending on the extent of variation of these attributes 

within a paddock, C variation may be greater than the expected short term, detectable change in 

C concentration.  

 

 



Results and Discussion Continued….. 

3. Monaro farm management strategies and their effects on soil carbon  

The Results and Discussion Section is divided into five sections. First, the soil C concentration and 

chemical properties for all sites included in the field survey are compared for 2012 and 2014. Second, 

correlations between soil C and chemical traits are compared. Third, the C stocks to 0.30 and 0.50 m for 

each of the treatment comparisons are presented and discussed. Fourth, C stocks are simulated using 

the RothC model to observe changes in total SOC stock and C pools over a 10 year period. The final 

section brings to the main findings of the soil C component of this project. 

 

3.1 Comparing soil C concentration and soil chemical properties; 2012 and 2014 

Summary of all 2012 and 2014 data 

Table 5.1 to 5.12 present a summary (mean, standard deviation, maximum and minimum) of the 

measured soil chemical data and predicted C fractions based on parent material class (basalt, granite and 

low grade metamorphic) for 2012 and 2014. These tables indicate inherent differences in soil properties 

based on parent material. Orgill et al. (2014) reported that in the Monaro region, parent material 

significantly influenced soil C concentration and C stock and recommended that C be interpreted within 

the context of parent material class. Based on the treatment comparisons selected for this study, and 

these known interactions between soil properties and parent material, comparisons and correlations for 

this section will be based on parent material class.  

As expected, the concentration of C in soil declined with an increase in depth. Most of the variation in 

soil C concentration for the comparisons included in this study occurred in the surface 0.10 m of soil 

(Figure 5.1a and Figure 5.1b). As described in the methods, in addition to the 10 cores collected for a 

field composited sample, three cores were collected from the 25x25 m sampling quadrat and analysed 

separately. These three cores provide an indication of the variability in C concentration at each site for 

each soil layer (Figure 5.1a to Figure 5.1h). Overall, there was greater variability in the 2014 measured 

data compared with the 2012 measured data. For example, in 2012, only one site (New Introduced 

Pasture; J10) had a composite TC % that was significantly different to the mean of the three individual 

cores (Figure 5.1a) compared with four sites in 2014 (Unlimed and Limed Old Introduced Pastures; H04 

and H05, and Old and New Introduced Pasture; G16 and G17, Figure 5.1b).  

Figure 5.1a to Figure 5.1f also indicate significant differences in C concentration between sampling years 

and for site comparisons. The horizontal bars span the average +/- 2 standard errors, with differences in 

C concentration outside of this range likely to be significant. While there was a significantly greater 

concentration of C with parent material class, there was only a few sites where there was higher C 

concentration for the site comparisons. For example in 2012, there was a greater concentration of C in 

the surface 0.10 m in the Native Pasture (R02) compared with Crop (R01). Under the Pine (P03) the C 

concentration was greater compared with Crop (J11) and Old Introduced Pasture (J15) sites, and in the 

0.20 to 0.30 m soil layer under the high fertiliser (Mc19) had higher C concentration compared with the 

low fertiliser (Mc18) treatment. In 2014, the surface 0.10 m and 0.20 to 0.30 m soil layer under the Pine 

(P03) had a higher C concentration compared with Crop (J11) and Old Introduced Pasture (J15) sites.  

 



ii) Differences in C concentration and soil chemical properties between 2012 and 2014 

Soil chemical properties, such as C, CEC, pH, phosphorus and sulphur have different spatial and temporal 

variability. It was anticipated that the sampling quadrat (25 m x 25 m) used in this study limited, to some 

extent, the spatial variability in the soil properties measured. The difference (2014 compared with 2012) 

in soil properties between the two sampling times were compared for each site based on parent material 

and vegetation class for the soil layers to 0.30 m in 0.10 m increments. It is important to note that each 

site only has one single measurement (based on an in-field composite of 10 cores) for each year (2012 

and 2014). Therefore standard statistical analysis has not been used to compare differences within the 

site, and results are indicative trends.  

Cation Exchange Capacity is generally described as an inherent soil property as it is largely determined by 

clay content, however, OC also influences soil CEC. Cation Exchange Capacity decreased (up to 10 

cmol+/kg) for basalt derived soil across all soil layers, while there was little difference in CEC for granite 

and low grade metamorphic derived soil (Figure 5.2). In contrast, there was little difference in soil pH 

(CaCl2) for basalt derived soil, while soil pH (CaCl2) generally decreased (up to 0.6 pH unit) for granite and 

low grade metamorphic derived soil (Figure 5.3).  In agronomic terms, an increase in soil pH by 0.3 is 

seen as being significant, however, this increase did not correspond with any liming activity.  

The concentration of available N, P and S in soil are influenced by OM mineralisation, fertiliser inputs, 

plant uptake and leaching following rain (the latter particularly the case for available S and total N). 

Regardless of parent material class, at cropping sites there was generally a decrease in available S and an 

increase in available P (Col) for all soil layers (Figure 5.4 and Figure 5.5, respectively). Whereas, 

regardless of parent material class, most pasture sites had an increase in available S for all soil layers, and 

a slight decrease, or very little difference in available P (Col) for basalt and granite derived soil, and an 

increase in available P (Col) for surface soil layers for low grade metamorphic derived soil. There was 

little difference in total N (TN %) for the cropping sites with basalt and granite derived soil for any soil 

layer, while the cropping site on the low grade metamorphic derived soil decreased similar to available S 

(Figure 5.6). Total N concentration (TN %) for the pasture sites with granite and low grade metamorphic 

derived soil had a similar pattern to P (Col), with an overall decrease in TN. 

There was a higher concentration of C (TC %) in 2014 for all cropping sites in all soil layers, with the 

exception of one low grade metamorphic site where there was a slight decrease (Figure 5.7). Differences 

in C concentration for the pasture sites were more variable for every soil layer. There were site specific 

increases or decreases across all soil layers for the basalt and granite derived soil. Variability generally 

decreased with an increase in soil depth for the low grade metamorphic sites, where overall there was a 

greater concentration of C (TC %) in 2014 compared with 2012.  While there was little difference in the 

POC (POC %) and HUM (HUM %) in 2012 and 2014, the trends were similar to TC % (Figure 5.8 and Figure 

5.9). Similarly, the total net difference in predicted ROC (ROC %) was small (Figure 5.10, note the 

different scale), and similar to the other predicted C fractions with the exception of the granite and low 

grade metamorphic parent material and pasture classes where there was an increase in the variability of 

ROC with depth.  

 

 



3.2 Influence of soil chemistry on soil C concentration: Correlations between soil C and soil chemical 

traits for 2012 and 2014 

Eight of the soil chemical traits (TC, TN, POC, ROC, HUM, pH, CEC, available S and P (Col) were chosen for 

correlation analysis to assess the direction and strength of associations between them (Figure 5.11 and 

Figure 5.12). When considering all of the observations, the correlation between traits was clearly 

affected by the underlying factors in the survey (that is, parent material and vegetation class). It was 

therefore necessary to adjust for effects of parent material and vegetation class before estimating the 

correlations so a multivariate linear model was constructed. The value for each trait in the surface 0.10 

m was used in the model. The 19 (paddock) by 8 (trait) matrix was modelled as a response to parent 

material and vegetation class assuming an unstructured covariance matrix. The estimated covariance 

matrix was then transformed to correlation form (Table 5.13 and Table 5.14).  

There were correlations between C concentration and other soil chemical traits, for example TC and TN, 

at all soil layers for both 2012 and 2014 (Figure 5.13; TC % and TN %, R2 = 0.94). Correlations between TC 

% and TN % in soil are widely reported and are largely related to OM characteristics (Kirkby et al., 2011). 

However, for other soil chemical properties (such as P and S) correlations as estimated by multivariate 

regression (as opposed to linear regression) provide a better indication of correlation after allowing for 

the influence of parent material vegetation class. That is, just because a group of sites under condition 

“A” had low C concentration and low available P while a group of sites under condition “B” had high C 

concentration and high available P, it does not necessarily mean that available P correlates positively 

with C concentration. There may be another underlying factor, such as parent material, that is 

influencing both C concentration and available P. Such an example can be seen when observing C 

concentration and available P within each parent material and pasture class for 2012 (Figure 5.14). In 

this example, there is a significant decline in C concentration with an increase in P under pasture in the 

granite derived soil compared with a weak positive correlation under pasture on the low grade 

metamorphic derived soil.  

Correlation matrices, conditional on parent material and vegetation class, are presented in Table 5.13 for 

2012 and Table 5.14 for 2014. In 2012 and 2014, there was a strong positive correlation between total C 

concentration total N, POC, ROC and HUM. There was also a strong positive correlation between total N 

and POC, ROC and HUM, and between pH, CEC, available S and available P. Given these variables are 

significantly correlated in both 2012 and 2014, we can assume a high degree of confidence in these 

relationships. There were also significant correlations between variables in either 2012 or 2014, but not 

both years. The relationship between these variables is assumed to be less robust and affected by 

interactions with climate, land management and/or spatial variability.  Examples include; in 2012, POC 

was moderately correlated with available P, but not in 2014. In 2014, there was a moderate negative 

correlation between total C, HUM and ROC with CEC, extractable S and available P.  

Orgill et al. (2014) used a similar model for to investigate the interactions between soil chemical traits 

and soil C under perennial pastures on a range of soil types in the Monaro region. Their study was based 

on a replicated sites, and this data can provide regional context to the 2012 and 2014 data collected in 

this report. Orgill et al. (2014)  reported strong positive correlations between total C, labile C and total N; 

as well as moderately positive correlations between CEC and available S. They found no significant 

relationship between total C and available P, contrary to Chan et al. (2010) study which found positive 

correlations between C concentration and available P under perennial pastures in southern NSW.  



Table 5.1 

Basalt derived soil chemical properties for 2012. 

 

Basalt 2012                    

Depth n pH (CaCl2) CEC cmol(+)/kg Al % Sulfur (KCL40) (mg/kg) Colwell Phosphorus (mg/kg) PBI + ColP (L/kg) 

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 4 5.6 0.4 6.0 5.3 37.1 17.0 56.0 21.5 0.0 4.3 1.5 6.3 3.0 49.6 25.1 87.0 34.5 233 29 250 200 

20cm 4 6.0 0.3 6.3 5.7 39.8 16.3 57.0 23.0 0.0 1.3 1.5 3.0 0.0 19.8 2.9 24.0 18.0 250 20 270 230 

30cm 3 6.2 0.2 6.4 6.1 51.3 13.3 59.0 36.0 0.0 1.3 1.5 3.0 0.0 24.3 2.9 26.0 21.0 290 104 410 220 

40cm 3 6.4 0.2 6.5 6.2 54.7 13.7 67.0 40.0 0.0 1.0 1.0 2.0 0.0 31.0 4.6 36.0 27.0 393 249 680 230 

50cm 3 6.6 0.3 6.8 6.3 58.3 12.4 66.0 44.0 0.0 1.0 1.0 2.0 0.0 37.7 8.0 46.0 30.0 343 111 460 240 

 

Table 5.2 

Basalt derived soil chemical properties for 2014. 

 

Basalt 2014                   

Depth n pH (CaCl2) CEC cmol(+)/kg Sulfur (KCL40) (mg/kg) Colwell Phosphorus (mg/kg) PBI + ColP (L/kg)  

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 4 5.6 0.4 6.0 5.1 30.0 13.9 48.0 19.0 5.2 1.5 6.1 3.0 48.5 25.9 83.0 23.0 213 25 240 180 

20cm 4 5.9 0.3 6.3 5.7 33.5 14.5 48.0 20.0 2.8 1.9 4.0 0.0 20.0 4.7 26.0 15.0 255 51 330 220 

30cm 4 6.1 0.3 6.4 5.8 37.8 14.2 51.0 25.0 2.3 1.7 4.0 0.0 29.0 6.7 35.0 20.0 355 126 530 230 

40cm 4 6.2 0.3 6.6 5.9 40.5 12.8 53.0 29.0 3.5 2.4 5.0 0.0 39.3 16.5 61.0 22.0     

50cm 4 6.4 0.4 6.9 6.0 43.5 11.0 53.0 34.0 6.0 4.5 12.0 2.0 39.3 13.1 56.0 24.0     

 



Table 5.3 

Basalt derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and Total Nitrogen 
TN%, for 2012. 

 

Basalt 2012                    

Depth n TC %  TN %  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 4 2.77 0.74 3.57 1.80 0.23 0.06 0.31 0.16 0.70 0.50 1.40 0.20 0.62 0.10 0.71 0.48 2.09 0.34 2.35 1.60 

20cm 4 1.81 0.47 2.43 1.30 0.14 0.03 0.19 0.11 0.57 0.56 1.40 0.22 0.52 0.08 0.64 0.46 1.90 0.29 2.30 1.60 

30cm 4 1.32 0.40 1.87 0.92 0.10 0.03 0.14 0.06 0.29 0.23 0.60 0.08 0.53 0.13 0.67 0.39 1.93 0.19 2.20 1.80 

40cm 4 1.09 0.32 1.47 0.70 0.08 0.03 0.12 0.05             

50cm 4 0.89 0.28 1.20 0.55 0.06 0.02 0.08 0.03             

 

Table 5.4 

Basalt derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and Total Nitrogen 
TN%, for 2014. 

 

Basalt 2014                   

Depth n TC %   Total Nitrogen %  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 4 2.95 0.79 3.70 1.90 0.24 0.07 0.30 0.16 0.52 0.07 0.59 0.42 0.65 0.05 0.70 0.58 2.10 0.18 2.30 1.90 

20cm 4 1.90 0.36 2.20 1.40 0.15 0.03 0.17 0.11 0.29 0.12 0.46 0.20 0.55 0.12 0.71 0.43 1.85 0.21 2.10 1.60 

30cm 4 1.45 0.13 1.60 1.30 0.11 0.01 0.13 0.10 0.18 0.06 0.24 0.10 0.47 0.11 0.57 0.35 1.80 0.22 2.00 1.50 

40cm 4 1.23 0.10 1.30 1.10 0.10 0.01 0.11 0.09             

50cm 4 0.98 0.09 1.10 0.90 0.08 0.01 0.09 0.07             



Table 5.5 

Granite derived soil chemical properties for 2012. 

Granite  2012                    

Depth n pH (CaCl2) CEC cmol(+)/kg  Al  % Sulfur (KCL40) (mg/kg) Col P (mg/kg) PBI + ColP (L/kg)  

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 7 4.9 0.3 5.6 4.6 5.8 1.3 8.1 4.1 4.7 3.0 7.8 7.2 3.1 13.0 3.5 21.7 6.3 30.0 12.0 139 138 350 4 

20cm 7 5.0 0.2 5.3 4.8 5.4 1.3 8.3 4.4 0.8 1.3 2.8 4.5 3.4 12.0 2.7 11.0 1.5 14.0 9.3 68 13 87 49 

30cm 7 5.4 0.3 5.8 5.0 5.9 1.9 10.0 4.3 0.0 0.0 0.0 3.9 3.8 12.0 0.0 9.1 1.2 11.0 7.4 79 13 96 66 

40cm 7 5.6 0.3 6.0 5.2 11.4 5.8 20.0 5.4 0.0 0.0 0.0 7.0 4.4 13.0 0.0 8.9 2.3 12.0 6.3 95 47 200 65 

50cm 7 5.8 0.3 6.2 5.5 12.9 6.2 22.0 6.2 0.0 0.0 0.0 13.1 8.1 24.0 2.1 14.0 9.2 34.0 6.6 194 114 420 65 

 

Table 5.6 

Granite derived soil chemical properties for 2014. 

Granite 2014                      

Depth n pH (CaCl2)   
CEC 
cmol(+)/kg   

Aluminium Saturation 
% 

Sulfur (KCL40) 
(mg/kg)  Colwell Phosphorus (mg/kg) PBI + ColP (L/kg)  

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 7 4.7 0.2 4.9 4.5 5.2 0.9 6.9 4.0 6.3 4.3 13.0 7.6 1.5 10.0 5.4 31.3 16.2 56.0 18.0 55 10 70 38 

20cm 7 4.9 0.2 5.1 4.6 4.9 1.3 7.4 3.2 4.4 4.5 14.0 5.3 1.8 9.0 3.7 10.5 3.4 16.0 5.0 55 14 76 35 

30cm 7 5.2 0.4 5.7 4.6 5.6 2.7 11.0 3.2 2.6 6.8 18.0 4.1 1.1 5.8 2.9 6.2 2.2 8.7 3.2 67 20 100 46 

40cm 7 5.5 0.5 6.0 4.5 9.3 4.7 18.0 5.3 2.1 5.7 15.0 5.3 1.2 6.4 3.2 7.0 2.1 9.0 3.9 0 0 0 0 

50cm 7 5.6 0.6 6.2 4.5 11.7 6.1 22.0 6.4 1.4 3.8 10.0 11.0 4.4 19.0 4.3 9.1 3.0 13.0 4.6 0 0 0 0 



Table 5.7 

Granite derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and Total Nitrogen 
TN%, for 2012. 

Granite 2012                    

Depth n TC %   TN %  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 7 1.98 0.60 2.64 1.33 0.19 0.05 0.23 0.13 0.44 0.12 0.64 0.27 0.49 0.12 0.66 0.33 1.11 0.22 1.40 0.81 

20cm 7 1.01 0.30 1.52 0.78 0.10 0.02 0.13 0.08 0.15 0.05 0.22 0.09 0.29 0.08 0.43 0.23 0.73 0.15 0.94 0.55 

30cm 7 0.69 0.23 1.04 0.46 0.08 0.03 0.13 0.04 0.05 0.01 0.07 0.05 0.20 0.08 0.34 0.12 0.56 0.13 0.78 0.42 

40cm 7 0.60 0.12 0.82 0.45 0.06 0.01 0.07 0.03             

50cm 7 0.47 0.10 0.59 0.27 0.05 0.01 0.06 0.02             

 

Table 5.8 

Granite derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and Total Nitrogen 
TN%, for 2014. 

 

Granite 2014                   

Depth n TC %   TN %  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 7 2.09 0.41 2.80 1.60 0.18 0.03 0.24 0.14 0.60 0.32 1.30 0.33 0.55 0.12 0.72 0.41 1.32 0.38 2.00 0.92 

20cm 7 1.13 0.25 1.40 0.85 0.10 0.02 0.12 0.07 0.18 0.04 0.23 0.12 0.34 0.10 0.52 0.24 0.82 0.16 1.10 0.66 

30cm 7 0.65 0.08 0.74 0.51 0.05 0.01 0.06 0.04 0.07 0.06 0.15 0.00 0.21 0.03 0.26 0.16 0.62 0.10 0.81 0.48 

40cm 7 0.62 0.07 0.70 0.52 0.06 0.01 0.08 0.05             

50cm 7 0.48 0.12 0.63 0.26 0.05 0.02 0.07 0.02             



Table 5.9 

Low grade metamorphic derived soil chemical properties for 2012. 

 

Low grade metamorphics  2012                  

Depth n pH (CaCl2)   CEC cmol(+)/kg  Al  % Sulfur (KCL40) (mg/kg)  Colwell Phosphorus (mg/kg) PBI + ColP (L/kg)  

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 8 4.7 0.5 5.5 4.1 5.0 2.2 10.0 3.2 11.6 8.0 22.0 9.8 5.5 20.0 4.0 25.6 12.9 48.0 12.0 191 139 430 66 

20cm 8 4.7 0.3 5.1 4.3 3.6 1.6 7.1 2.2 10.9 9.2 20.0 5.3 3.6 9.0 0.0 8.6 0.8 10.0 7.2 83 22 120 57 

30cm 8 4.9 0.3 5.2 4.6 3.8 1.9 7.5 1.7 4.9 4.2 17.0 4.4 2.9 8.0 0.0 8.0 1.8 11.0 4.9 77 22 120 50 

40cm 8 5.1 0.4 5.5 4.6 4.3 2.0 7.7 2.1 3.6 7.2 16.0 5.0 4.0 11.0 0.0 7.9 3.8 21.0 0.0 91 45 180 50 

50cm 8 5.2 0.4 5.8 4.5 5.8 2.7 10.0 2.7 2.6 7.6 17.0 5.4 2.9 10.0 2.1 8.3 3.5 14.0 3.1 146 83 290 56 

 

Table 5.10 

Low grade metamorphic derived soil chemical properties for 2014. 

 

Low grade metamorphics 2014                    

Depth n pH (CaCl2) CEC cmol(+)/kg Al % Sulfur (KCL40) (mg/kg) Colwell Phosphorus (mg/kg) PBI + ColP (L/kg)  

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 8 4.6 0.4 5.3 4.3 5.0 2.1 8.6 3.2 13.4 8.0 25.0 10.3 2.1 14.0 7.1 34.4 11.7 51.0 21.0 68 24 120 41 

20cm 8 4.6 0.2 5.0 4.3 3.8 1.7 6.7 2.4 14.4 8.1 29.0 5.8 2.2 8.8 2.2 8.1 3.4 16.0 4.9 64 21 110 44 

30cm 8 4.8 0.2 5.1 4.4 3.7 1.4 6.0 2.2 6.9 5.8 14.0 5.0 0.9 8.0 0.0 4.2 1.3 6.4 2.4 64 20 95 44 

40cm 8 5.0 0.3 5.4 4.6 4.5 1.5 6.7 2.5 2.8 4.8 11.0 4.9 1.3 7.0 0.0 4.0 1.4 6.3 2.5 0 0 0 0 

50cm 8 5.2 0.4 5.5 4.6 6.1 2.9 9.2 2.0 1.6 4.5 10.0 5.4 1.9 9.0 0.0 4.7 2.6 8.8 2.2 0 0 0 0 

 



Table 5.11 

Low grade metamorphic derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and 
Total Nitrogen TN%, for 2012. 

 

Low grade metamorphics  2012                  

Depth n TC%   TN%  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 8 2.12 0.42 2.72 1.60 0.19 0.04 0.26 0.15 0.45 0.15 0.66 0.24 0.53 0.14 0.68 0.33 1.16 0.21 1.50 0.87 

20cm 8 1.01 0.24 1.45 0.73 0.09 0.03 0.13 0.05 0.11 0.05 0.18 0.04 0.31 0.11 0.46 0.19 0.71 0.21 1.10 0.52 

30cm 8 0.66 0.22 1.00 0.41 0.07 0.02 0.10 0.03 0.21 0.44 1.30 0.01 0.23 0.11 0.44 0.13 0.74 0.60 2.20 0.38 

40cm 8 0.47 0.15 0.68 0.27 0.05 0.02 0.07 0.02             

50cm 8 0.43 0.13 0.66 0.27 0.05 0.02 0.09 0.02             

 

Table 5.12 

Low grade metamorphic derived soil C fractions (Total Carbon TC%, Particulate Organic Carbon POC%, Resistant Organic Carbon ROC%, Humus HUM%) and 
Total Nitrogen TN%, for 2014. 

Low grade metamorphics 2014                 

Depth n TC  %   TN %  MIR-POC %   MIR-ROC %   MIR-HUM %   

 0cm  Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min Mean S.d. Max Min 

10cm 8 2.36 0.64 3.70 1.70 0.20 0.05 0.30 0.15 0.53 0.20 0.93 0.25 0.56 0.16 0.89 0.36 1.26 0.34 2.00 0.91 

20cm 8 1.15 0.51 2.30 0.83 0.10 0.04 0.19 0.06 0.18 0.12 0.44 0.09 0.34 0.17 0.72 0.19 0.82 0.30 1.50 0.62 

30cm 8 0.74 0.30 1.40 0.51 0.06 0.02 0.11 0.04 0.05 0.05 0.17 0.00 0.25 0.10 0.46 0.17 0.59 0.20 1.00 0.36 

40cm 8 0.57 0.24 1.10 0.33 0.05 0.02 0.10 0.03             

50cm 8 0.49 0.22 0.88 0.23 0.05 0.02 0.09 0.02             



Figure 5.1 

Total carbon (%) for the surface 0.10 m grouped by site. Hollow dots are observed TC % from 
three cores sampled and analysed separately, solid black dots are average TC for the three 
cores and red dots are observed TC % for the composite sample (one composite sample 
from 10 cores). Horizontal bars span the average +/- 2 standard errors. Vertical dashed line is 
overall mean TC (%).  
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e. 2012 0.20 – 0.30 m 

 

 

 

 



f. 2014 0.20 – 0.30 m 

 

 

 

 



g. 2014 0.30 – 0.40 m 

 

 

 



h. 2014 0.40 – 0.50 m 

 

 



Figure  5.2 Difference in CEC between 2012 and 2014      



Figure  5.3 Difference in pH (CaCl2) between 2012 and 2014 

 

 



Figure  5.4  Difference in S (mg/kg) between 2012 and 2014    

  



Figure  5.5 Difference in P (mg/kg) between 2012 and 2014 

 

 

 



Figure  5.6 Difference in TN% in 2012 and 2014 



Figure  5.7 Difference in TC% between 2012 and 2014    

 

  



Figure  5.8 Difference in POC% between 2012 and 2014 

 

 

  



Figure  5.9 Difference in HUM% in 2012 and 2014      



Figure  5.10 Difference in ROC% between 2012 and 2014.   
 

 

 



Figure 5.11 

Correlation between soil chemical traits for the surface 0.10 m soil layer, 2012. 

 



Figure 5.12 

Correlation between soil chemical traits for the surface 0.10 m soil layer, 2014. 

 



Figure 5.13 

Total carbon (%) and Total nitrogen (%) for the 0 - 0.10, 0.10 – 0.20 and 0.20 – 0.30 m soil layers. Solid 
black dots are 2012 data and hollow dots are 2014 data. Linear trend line is for all observed data.  
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Figure 5.14 

Example of linear correlation between TC concentration (TC %) and available P (P Col) 

conditional on parent material class.    

 



Table 5.13 

Correlation between selected soil chemical traits conditional on parent material and vegetation class for 2012 transformed from a multivariate linear model. 

Significant values are indicted (* P<0.05; ** P<0.01). 

2012 POC ROC HUM TN TC pH CEC S P 

POC 1         

ROC 0.7710** 1        

HUM 0.8525** 0.8510** 1       

TN 0.6253** 0.6586** 0.8803** 1      

TC 0.6922** 0.8505** 0.9299** 0.9079** 1     

pH 0.1688 0.2179 0.1080 0.2904* 0.1391 1    

CEC 0.1959 0.1245 -0.0981 -0.2231 -0.1932 0.5701* 1   

S 0.1652 0.0155 0.0814 0.3134* 0.0822 0.7423** 0.3954* 1  

P 0.3697* 0.2097 0.0638 -0.0749 -0.0710 0.5383* 0.9083** 0.4041* 1 

 



Table 5.14 

Correlation between selected soil chemical traits conditional on parent material and vegetation class for 2014 transformed from a multivariate linear model. 

Significant values are indicted (* P<0.05; ** P<0.01). 

2014 POC ROC HUM TN TC pH CEC S P 

POC 1         

ROC 0.7556** 1        

HUM 0.8054** 0.8434** 1       

TN 0.5592* 0.7330** 0.8971** 1      

TC 0.6245** 0.8211** 0.9314** 0.9590** 1     

pH -0.1920 0.0542 -0.1961 -0.1145 -0.1569 1    

CEC 0.1081 0.0838 -0.2404 -0.3358* -0.3374* 0.7607** 1   

S -0.1559 -0.4988* -0.2808* -0.2319 -0.3229* 0.3442* 0.1584 1  

P -0.1166 -0.3318* -0.5406* -0.6299** -0.6620** 0.3733* 0.7316** 0.1876 1 
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3.3 C stocks to 0.30 and 0.50 m for each of the treatment comparisons 

Carbon stocks were calculated to 0.30 and 0.50 m both on a depth standard and based on an equivalent 

soil mass. There was good agreement between C stocks regardless of calculation method (Figure 5.15). 

However, given the importance of comparing the same soil mass to reliably detect changes in soil C stocks 

due to management, and given that the current National guidelines for monitoring soil C recommend 

calculating soil C stocks on an ESM basis, this calculation method was adopted. For temporal comparisons, 

that is changes within a site between 2012 and 2014, the 2012 soil mass was used as the reference soil 

mass. These calculations are outlined in the Method section. 

3.4 Temporal changes in soil C stocks 

Overall, there was an increase in soil C stocks in the 0 – 0.30 and 0 – 0.50 m soil layers from 2012 to 2014 

(Table 5.14). Differences in C stocks ranged from +27 Mg C/ha/0.30 m (under the Pine Plantation; P03 site) 

to -10 Mg C/ha/0.30 m (under the New Introduced Pasture; G17 site). These changes in C stocks 

correspond with measured, significant changes in C concentration. In most cases, other than the extreme 

increases or decreases, these increases in C stock also correspond with modelled biomass growth increases 

due to favourable climate conditions in these years. It is also worth noting, that perennial pastures (a 

significant proportion of these sites) would be benefiting from favourable conditions since 2010, and this is 

confounded in 2014 when compared with 2012 (that is 2 years vs  4 years of favourable conditions 

following an extended period of dry). However, in some cases the mass of C change seems unlikely in terms 

of net C sequestration or C decline, and may represent higher OM <2 mm in the soil sample, inflating the C 

concentration. While all soil samples are sieved to 2 mm, all visible OM that makes it through the sieve is 

included in the samples, as is the current convention for soil preparation. There was no relation between 

decline in C stock and parent material class for these survey sites. Importantly, only one of the cropping 

sites had a decline in C stock (J08; - 2.3 Mg C/ha/0.30 m).  

On average, across all sites included in this survey, 23 % of the total soil C stock was measured in the 

subsoil (that is, 0.30 to 0.50 m soil layer). The C stocks for the 0.30 to 0.50 m soil layer ranged from 8 to 30 

Mg C/ha/  This highlights the importance of this soil layer in storing C in soil.  

3.5  Difference in C stocks with treatment comparison 

Difference in C stocks (Mg C/ha) for each site in the treatment comparison to 0.30 and 0.50 m are 

presented in Table 5.14.  

New cropping paddock (R01) vs native pasture (R02) on basalt derived soil 

There was an increase in C stock from 2012 to 2014 at both the Crop (R01) and Native Pasture (R02) sites 

(Table 5.15). There was a greater stock of C under the Native Pasture (R02) compared with the Crop 

paddock (R01) in both 2012 and 2014; 60.0 vs 46.4 and 65.0 vs 50.12 Mg C.ha/0.30 m respectively. The 

difference between the two sites was less when the 0 to 0.50 m soil layer was compared; 9.1 (2012) and 

10.0 (2014) Mg C/ha/0.50 m vs 13.6 (2012) and 14.8 (2014) Mg C/ha/0.30 m. This indicates that the 

difference in C stock was confined to the surface 0.30 m (Table 5.15), consistent with a possible 

management influence on C stocks. However, such a magnitude of difference in C stocks due to 

management alone is unlikely in the first year of a crop, which had only minimal soil disturbance. It is more 
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likely that there was a historic difference in C stocks in these two, adjacent paddocks, from factors not 

obvious from this survey.  

Low-fertiliser (MC18) vs High-fertiliser(MC19) Native Pasture on basalt derived soil 

There was a greater stock of C in soil under the high fertiliser treatment compared with the low fertiliser 

treatment in 2012 and less in 2014; 78.8  vs 61.4 and 73.5 vs 77.1 Mg C/ha/0.30 m. In the 0 to 0.50 m soil 

layer, both sites had a similar C stock in 2014. The decrease in C stock under the high fertiliser treatment 

coincides with the results from the correlation matrices indicating a decrease in C concentration with an 

increase in available S and P. These are measurable differences between these two treatments and may 

explain some of the difference in C stock. Sulfur and P are important for plant growth, and therefore 

biomass production and OM supply. However, S and P (as well as N) are also important components of 

SOM and required by microbes for the decomposition of OM (Kirkby et al., 2011). It may be that S and P are 

not limiting OM decomposition on the high fertiliser site and therefore there is a rapid turnover of the 

more labile forms of C occurring.  

North (H07) vs East (H06) Aspect on low grade metamorphic derived soil 

Carbon stocks increased from 2012 to 2014 for both the North (H06) and East (H07) Aspect sites; 47.0 vs 

49.4 and 42.4 vs 48.1 Mg C/ha/0.30 m respectively. The trend of greater C stock on the Westerly Aspect 

was consistent in 2012 and 2014 for the 0.30 m soil layer. However, when the total 0.50 m soil layer was 

observed in 2014, there was 10 Mg/ha more C for the East Aspect site compared with the North Aspect site 

(Table 5.15). Aspect is a landscape feature that can influence inherent soil physical properties, soil moisture 

and temperature, pasture species and biomass production. The introduced perennial pasture at this site 

was sown in 1989. Interactions between aspect and OM supply (as influenced by plant species composition 

and biomass production) would have had > 20 years to change soil C stocks at this site. Given this, based on 

aspect there has only been relatively small differences in C stocks for this pasture. The GrassGro modelled 

outputs show little difference in pasture biomass production based on the aspect, and this could further 

explain the small difference in C stocks between these two sites. The modelled biomass outputs did 

indicate a potential significant increase in biomass production if critical soil nutrient levels (particularly P) 

were addressed. So while there was only a slight difference in C stocks based on aspect, there is potential 

for this site to increase soil C stocks with a soil fertility management plan.  

Crop (J08), Native Pasture (J09) and New Introduced Pasture (J10) on low grade metamorphic derived soil 

In 2012, there was a greater stock of C under the Crop (J08) and New Introduced Pasture (J10) compared 

with the Native Pasture (J09); 47.7 vs 67.0vs 45.2 Mg C/ha/0.30 m respectively. C stock decreased at the 

Crop site in both the 0.30 and 0.50 m soil layers from 2012 to 2014, while C stock increased at both the 

Native and New Introduced Pasture sites (Table 5.15). The New Introduced Pasture had a significantly 

greater stock of C compared with the Crop and Native Pasture for both 2012 and 2014. This new pasture 

was sown in 2010, at the end of the drought and there has been years of favourable climate conditions 

since sowing. It is possible that there has been a rapid increase in soil C, as previously discussed for new 

introduced pastures. However, it is unlikely that this is the only reason for greater C stocks. It is probable 

that the cropping history of the New Introduced Pasture (J10) has influenced soil nutrient concentrations 

and this has contributed to increased soil C stocks. Similarly, it is not surprising that the crop site had a 

greater stock of C compared with the Native Pasture, as the crop has had nutrients applied to the soil 

(therefore increasing crop growth and subsequently OM supply to the soil) and has had minimal soil 
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disturbance (therefore minimal C loss), so it is reasonable to assume that there may have been an increase 

in OM supply since cropping commenced and minimal loss of the background C stock from the native 

pasture history at the site. 

This comparison favourably highlights the opportunities for cropping and new introduced pastures to either 

increase, or at least maintain, soil C stocks.     

Pine Plantation (P03), Crop (J11) and Old Introduced Pasture (J15) on low grade metamorphic derived soil 

Carbon stock increased from 2012 to 2014 for the Pine (P03) and Crop (J11) sites, and  slightly decreased 

for the Old Introduced Pasture (J15) in both 0.30 and 0.50 m soil layers; 66.8 vs 93.9, 42.4 vs 46.5 and 44.9 

vs 43.6 Mg C/ha/0.30 m respectively. It is difficult to reasonably expect the amount of increase in C stock 

(27.0 Mg C/ha/0.30 m) in just 2 years associated with the Pine site (P03). Field observations from the site 

note considerable variation in cores collected, with some being dark in colour with apparent humic 

staining. There was a 4.2 Mg C/ha/0.30 m increase in C stock at the Crop site which may be associated with 

nutrient inputs and crop growth, as well as minimal soil disturbance practices. For the Old Introduced 

Pasture, there was a slight decrease in C stocks for both the 0.30 and 0.50 m soil layers (decreases of 1.3 

and 3.5 Mg C/ha respectively). There was little difference in GrassGro modelled biomass production for this 

site in the 2012 to 2014 year period compared with 2010 to 2012. Increased soil fertility at the site may 

have increased OM decomposition by removing any nutrient limitations to microbial activity.  

This comparison further highlights the opportunities for cropping to at least maintain C stocks comparable 

to introduced pastures (similar to J08, J09, J10 and M12, M13, M14). The soil nutrient management 

programs associated with the cropped site and the favourable climate years would have contributed to 

comparable C stocks. Under drier conditions, the C stocks may decline more under the crop compared with 

a perennial pasture.  

Unlimed (H04) and Limed (H05) Introduced Perennial Pasture on granite derived soil 

Carbon stocks increased for both the Unlimed (H04) and Limed (H05) sites from 2012 to 2014; 45.9 vs 52.3 

and 47.3 vs 47.4 Mg C/ha/0.30 m respectively. However, the differences between the liming treatments 

were not consistent with year or soil layer (Table 5.15). In 2012, there was 1.4 Mg C/ha/0.30 m more under 

the limed treatment compared with the unlimed treatment, while in 2014, there was 4.9 Mg C/ha/0.30 m 

less under the limed treatment. If the field survey only sampled in 2014, there would have been no 

difference in C stocks between the liming treatments, as from 2012 to 2014, the unlimed site increased to 

be a similar C stock as the limed site.  

Correcting soil acidity with lime can have both an immediate and long term influence on soil C stocks. If soil 

pH was limiting plant growth, then liming to increase soil pH (and thereby, reduce aluminium toxicity) can 

increase pasture growth and OM supply. However, liming can also increase microbial activity and therefore 

there may be a short-term decrease in C stocks associated with increased decomposition of labile OM. 

Liming can also influence the pasture composition, in particular the leguminous component of the pasture, 

which supplies N to the grass component, and again can be responsible for increasing biomass production 

and OM supply to the soil. Furthermore, as already discussed, there is positive correlation between C and N 

concentration, so if liming increased the pasture composition and proportion of N-fixing plants, as well as 

the N concentration of the soil, then there may be an increase in C stocks. Based on the 2012 and 2014 soil 

survey, there are several sites in this study that have soil pH values at or below the critical value of 4.6 (the 



POLICY DELIVERY– Action on the Ground Round 1- Final Report  80 
AOTGR1-110 

 

point at which aluminium comes into soil solution and can become toxic to plants) (Figure 5.16). Therefore, 

these sites may achieve increases in soil C stocks with liming if responsive plant species are present.  

Crop (M12), Native Pasture (M13) and New Introduced Pasture (M14) on granite derived soil  

Carbon stock for all sites in this comparison increased from 2012 to 2014 for both the 0.30 and 0.50 m soil 

layer; 40.2 vs 53.2, 39.9 vs 46.8 and 36.7 vs 42.8 Mg C/ha/0.30 m for the Crop (M12), Native Pasture (M13) 

and New Introduced Pasture (M14) sites respectively. There were comparable C stocks under the Crop and 

Native Pasture site in 2012, and a significantly greater C stock under the Crop site in 2014 compared with 

both the Native Pasture and New Introduced Pasture. The New Introduced Pasture was sown in 2012, so 

this sampling time represents T0. The stock of soil C under the New Introduced Pasture increased by 6.1 Mg 

C.ha from 2012 to 2014 based on the temporal comparisons. However, both the Crop and Native Pasture 

also increased from 2012 to 2014; by 13.0 and 6.9 Mg C/ha/0.30 m respectively.  

Similar to the comparison of J08, J09 and J10; this comparison favourably highlights the opportunities for 

cropping and new introduced pastures to either increase or maintain C stocks relative to native pastures 

given favourable climate years.    

Old Introduced Pasture (G16) and New Introduced Pasture (G17) on granite derived soil 

Both the Old Introduce Pasture (G16) and New Introduced Pasture (G17) decreased in C stock from 2012 to 

2014; 46.7 vs 45.0 and 50.8 vs 40.8 respectively. When the 2014 C concentration from the composited 

sample and the three individual cores were compared for this site there was significantly less C measured 

on the composite sample for both of these sites for the surface and subsurface soil layers (Figure 5.1b and 

Figure 5.1d). This composite sample C concentration was used to calculate C stocks at both sites. It is 

possible that the composite sample has not represented the mean C concentration of the sampling grid and 

therefore the C stock is underestimated.  

This treatment comparison was included to observe any differences in C stock with pasture age. Newly 

established pastures are hypothesised to increase soil C rapidly in the first 5 to 10 years and then plateau 

with steady increases in C concentration continuing for up to 30 years. The new pasture was sown in 2003, 

and the greater stock of C under the new pasture may represent this rapid increase. Although, this increase 

is surprisingly high given that the Monaro region experienced drought conditions for the first 6 years 

following pasture establishment. Based on these soil survey results, from 2012 to 2014 there was a 10 Mg 

C/ha/0.30 m decrease in C stock. If this is a true representation of what occurred during this period, a 

possible explanation may be an increase in the rate of decomposition, or a decrease in pasture production 

associated with soil nutrient limitations under the New Introduced Pasture. However, given the magnitude 

of the decrease, another reason outside of this identified in this survey is likely. 
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Figure 5.15 

Carbon stock (Mg C/ha) caluclated on  depth standard (DS)and based on an equivalent mass of soil (ESM) 

for the 0 – 0.30 and 0 – 0.50 m soil layers for all sites. Line is 1:1. 
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Table 5.14 

Difference in C stocks (Mg C/ha) for each site between 2012 and 2014 for the 0 – 0.30 and 0 – 0.50 m soil 
layers. Carbon stocks for 2012 are calculated based on a depth standard (DS) and is the reference base soil 
mass, and the C stocks for 2014 are calculated to be an equivalent mass of soil to the sites 2012 mass. 

 

Management 

0 - 30 cm 

Difference 

0 - 50 cm 

Difference 

2012 
(DS) 

2014 
(ESM) 

2012 
(DS) 

2014 
(ESM) 

Basalt derived soil       

Crop (R01) 46.39 50.12 3.74 71.72 77.09 5.37 

Native pasture (R02) 59.98 64.94 4.97 80.80 87.10 6.30 

Δ Native pasture - Crop 13.59 14.82 1.23 9.08 10.01 0.93 

       

Low P (Mc18) 61.38 77.10 15.72 75.87 101.45 25.58 

High P (Mc19) 78.82 73.48 -5.34 108.65 101.11 -7.54 

Δ High - Low P 17.44 -3.62 -21.06 32.78 -0.34 -33.12 

       

Low grade 
metamorphics       

North Aspect (H06) 46.97 49.38 2.41 55.69 58.09 2.40 

East Aspect (H07) 42.37 48.09 5.72 52.29 69.96 17.67 

Δ North - East Aspect 4.60 1.29 -3.31 3.40 -11.87 -15.27 

       

Crop (J08) 47.65 45.36 -2.29 55.69 52.43 -3.26 

Native (J09) 45.15 55.91 10.76 56.76 70.34 13.59 

New Intro Pasture (J10) 68.96 69.91 0.95 84.76 86.73 1.97 
Δ  Native pasture - New 
Intro Pasture -23.81 -13.99 9.81 -28.00 -16.38 11.62 

Δ  Native pasture - Crop -2.50 10.55 13.05 1.07 17.91 16.84 

       

Pine (03) 66.83 93.87 27.04 85.06 125.14 40.07 

Crop (J11) 42.37 46.53 4.16 53.82 57.72 3.90 

Old Intro Pasture (J15) 44.93 43.63 -1.30 59.33 55.80 -3.53 
Δ  Old Intro pasture - 
Crop 2.56 -2.90 -5.46 5.51 -1.92 -7.43 
Δ  Old Intro pasture - 
Pine -21.90 -50.24 -28.34 -25.73 -69.34 -43.61 

       

Granite derived soil       

Unlimed (H04) 45.87 52.29 6.42 58.85 67.43 8.57 

Lime (H05) 47.30 47.43 0.13 60.04 63.61 3.57 

Δ  Lime - Unlimed  1.43 -4.86 -6.29 1.19 -3.82 -5.00 

       

Crop (M12) 40.21 53.19 12.98 54.92 67.26 12.34 

Native pasture (M13) 39.94 46.80 6.86 54.88 62.45 7.57 
New Intro Pasture 
(M14) 36.66 42.79 6.13 47.64 54.69 7.05 
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Δ  Native pasture - New 
intro Pasture 3.28 4.01 0.73 7.23 7.76 0.52 

Δ  Native pasture - Crop -0.27 -6.39 -6.12 -0.04 -4.81 -4.77 

       

Old Intro Pasture (G16) 46.66 44.99 -1.67 66.27 61.29 -4.98 

New Intro Pasture (G17) 50.80 40.79 -10.02 65.91 54.62 -11.29 
Δ  Old intro pasture - 
New intro pasture -4.15 4.20 8.35 0.35 6.67 6.31 
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Figure 5.16 

Total C concentration (TC %) and soil pH (CaCl2), all sites 0.10 m soil layer for 2012 (solid dot) and 2014 
(hollow dot) with the critical limit for soil pH and aluminium toxicity marked by the dashed vertical line at 
pH 4.6.  
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 3.6 Modelling changes in soil carbon using RothC (v26.3) 

The field survey has limited replication and only two sampling points in time, that are only 2 years apart. 

Therefore, there is value in modelling changes in soil C stocks and C pools, to indicate whether or not the 

differences between 2012 and 2014 are actually increasing or decreasing trends or are noise associated 

with sampling and site variability.  

RothC v26.3, as described in Liu et al., (2009), was used to simulate the changes in SOC stocks to 0.30 m for 

two paired sites, the Low Fertiliser (Mc18) and High Fertiliser (Mc19) comparison at Bungarby on basalt 

derived soil and the Old Introduced Pasture (J15) and the Crop (J11) comparison at Delegate on low grade 

metamorphic derived soil. The RothC model divided the SOC into four active components and one less 

active pool called inert organic matter (IOM). The model requires users to input the incoming OM (the C 

component of OM) into the soil for C turnover. Plant residue and other forms of C input to the soil are 

divided into decomposable plant materials (DPM) and resistant plant materials (RPM) based on the ratio 

that varies depending on the type of the plant materials. The newly input carbon in both pools (RPM and 

DPM) undergoes decomposition to produce microbial biomass (BIO), humified organic matter (HUM) and 

CO2, which is the loss of C from the system. Here, the clay content of the soil determines the proportions 

for CO2 and BIO + HUM. This process of OM allocation to soil C pools is pictured in Figure 5.17.  

Each of the four active components undergoes decomposition by first-order kinetics at its own 

characteristic rate. The decomposition rate is subjected to be modified by soil moisture, temperature and 

plant cover. In this simulation, soil clay contents were measured as 0.35 for Bungarby and 0.20 for Delegate 

sites. The carbon input for pasture system was estimated by Grassgro simulated pasture production. We 

assumed 10 % above pasture biomass as litter or senesces materials effectively returned to soil. The below-

ground carbon input was based on an assumption of 75 % of root materials estimated from simulated 

root/shoot ration would turn into dead material during a year due to biological reasons such as senescence 

and drought condition. 

Before starting the simulation, the amount of C in each pool was defined. The IOM was estimated using 

ROC as predicted by MIR spectroscopy. The other four active compartments were simulated by RothC 

model. This was achieved by running RothC for 1000 years to approach an initial TOC (total organic carbon) 

so that the initial SOC in each pool can be obtained at an equilibrium condition. We simulated both paired 

sites for 2005 – 2014. At the Bungarby sites, there was measured TOC in 2005 so the measured TOC for 

2005 was used as the target TOC for the 1000 year equilibrium simulation. However, for the Delegate sites, 

there was no measured TOC in 2005 so number of tests under various amounts of initial TOC was assumed 

for 2005 to run the equilibrium and simulations. The best fitting for the late two year measured TOC was 

used in this report. 

There was good agreement (R2 = 0.90) between the observed and the RothC simulated SOC stocks to 0.30 

m (Figure 5.18). There was a decline in the simulated SOC stocks from 2005 to 2010 for the Native Pasture 

– Low and High Fertiliser comparisons (Mc18 and Mc19) and the Crop (J11) site (Figure 5.19). While 

simulated SOC stocks increased during the entire simulated period for the Old Introduced Pasture (J15) site. 

Comparisons of the modelled C pools over this simulation period (that is, 2005 to 2014) revealed that at the 

sites where TOC stocks declined over time from 2005 to 2010, resistant plant matter (RPM) also declined 

(Figure 5.20, Figure 5.21 and Figure 5.22). These declines are consistent with drought conditions and 

highlight the lability and vulnerability of OC to climatic factors in these systems. From 2010 to 2014, when 

the sites received above average annual rainfall, the Native Pasture (both Low and High Fertiliser) sites 

started an increasing trend in both total and RPM C stocks. Interestingly, the Crop (J11) continued to  
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decrease; however, production at the site increased or was maintained. For the Old Introduced Pasture 

(J15) site, where there was an increase in TOC stocks across the simulation period, this coincided with an 

increase in RPM for this period (Figure 5.23).  

 

Figure 5.17 

Allocation of OM in soil C pools from Liu et al., (2009).  
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Figure 5.18 

Plot of observed and simulated (RothC) SOC stocks (Mg C.ha 0 – 0.30 m) for the period 2005 to 2014. Trend 

line for all data points, R2 = 0.90.  
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Figure 5.18 

Observed and RothC simulated SOC stocks (Mg C.ha 0 – 0.30 m) for two paired sites, the Native Pasture - 
Low Fertiliser (Mc18) and High Fertiliser (Mc19) comparison (basalt) and the Old Introduced Pasture (J15) 
and the Crop (J11) comparison (low grade metamorphic). Simulation period 2005 to 2014. 
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Figure 5.19 

Observed and RothC simulated TOC and C pool stocks (Mg C.ha 0 – 0.30 m) for the Native Pasture – Low 
Fertiliser (Mc18) site (basalt), for 2005 to 2014.  
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Figure 5.20 

Observed and RothC simulated TOC and C pool stocks (Mg C.ha 0 – 0.30 m) for the Native Pasture – High 
Fertiliser (Mc19) site (basalt), for 2005 to 2014.  
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Figure 5.21 

Observed and RothC simulated TOC and C pool stocks (Mg C.ha 0 – 0.30 m) for the Crop (J11) site (low 
grade metamorphic), for 2005 to 2014.  
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Figure 5.22 

Observed and RothC simulated TOC and C pool stocks (Mg C.ha 0 – 0.30 m) for the Old Introduced Pasture 
(J15) site (low grade metamorphic), for 2005 to 2014.  
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3.7 Discussion and summary of results 

Carbon (C) sequestration in agricultural soil offers the opportunity to mitigate climate change whilst 

sustaining or improving productivity (Paustian, Andrén, Janzen, Lal, Smith, Tian, Tiessen, Noordwijk and 

Woomer 1997; Lal 2004). In Australia, agricultural practices such as tillage, are estimated to have depleted 

the stock of C in some agricultural soils by up to 60 % (Russell and Williams 1982; Oades 1995; Dalal and 

Chan 2001; Knowles and Singh 2003). This decrease in C stock may represent a significant opportunity to 

sequester C through improved land management practices, such minimal soil disturbance, perennial 

pastures and improving soil fertility. Globally, the potential sequestration value may be as much as 78 +/- 

12 Pg; (Lal et al., 2004) with annual sequestration rates from adopting improved management of 

agricultural soils estimated to be between 0.4 and 0.8 Pg C (Lal, 2004a). 

Environmental factors, such as parent material and climate, can have a large influence on soil C 

concentration and stocks. These factors cannot be managed and therefore reporting changes in soil C 

should be conditional on them. Well-managed perennial pastures are thought to represent the maximum 

opportunity for agricultural soils to sequester carbon (Conant et al., 2003; Ingram et al., 2008; Lal, 2004b; 

Paustian et al., 1997; Sanderman et al., 2010; Sherrod et al., 2005). Decomposition of organic matter (OM) 

is assumed to be slower under perennial pastures due to minimal physical soil disturbance and minimal 

fluctuations in soil moisture and temperature.  Perennial pasture species tend to have more stable biomass 

production throughout the year compared with annual species. They also have extensive root systems, 

which extend into the subsoil where it is less prone to decomposition and where the soil is less saturated 

with C (Lorenz and Lal, 2014). This root-derived C is more likely to be stabilised in soil by organo-mineral 

associations than shoot-derived C (Rasse et al. 2005). Legumes are an important component of productive 

perennial pastures; increasing soil nitrogen (N), which is also proved to be important in sequestering stable 

(humic) soil C (Kirkby et al., 2011). 

The Monaro region has a considerable proportion of farming land under native and introduced perennial 

pastures. Research in the region has confirmed no difference in C stocks between these two pasture types 

(that is, introduced and native pastures) (Orgill et al., 2014). The question then becomes, is there scope for 

land management to increase these soil C concentration and stock with changing the vegetation type (for 

example, crop vs pasture), improving soil nutrient levels, or through managing grazing pressure.  

Grazing management is a key driver of some of the processes that can lead to increased soil C 

accumulation. Pasture management and grazing practices can be changed and this can have an influence 

on biomass production, OM decomposition and OM formation.  However, given the short time frame of 

this project, and the lack of resources to design, manage and monitor a replicated grazing trial, it was 

decided not to include a grazing management demonstration site.  

Instead, this project has focussed on investigating and demonstrating the scope to increase soil C 

concentration and stocks with perennial pasture management, such as nutrient and soil pH management, 

and any changes related to cropping. Given the significant background levels of soil C under perennial 

pastures in this region (Orgill et al., 2014), this project was interested in whether or not a measurable 

increase could be detected with pasture management, and also whether or not short to medium term 

cropping changed the C stock to 0.30 m.  

There were 7 questions developed by the MFS group at the beginning of this project, and the 19 field 

survey sites, two sampling dates and treatment comparisons have contributed to answering these to some 

extent. 
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1. How does land management affect carbon stocks in the Monaro region? 

The results from the field survey of 19 sites and 8 ‘treatment’ comparisons have highlighted a few 

important considerations when considering how land management influences C stocks in the Monaro 

region. Firstly, the spatial sampling design activity demonstrated that the purpose of the 25 x 25 m 

sampling quadrat (as used in the field survey) is for monitoring a point in the paddock, and that is does not 

often represent the mean paddock C or other soil chemistry values. This is important to remember, as 

management of these sites happens at the paddock scale, so the influence of treatment may be not be 

detected if the variability at the site is not well understood. Secondly, the majority of the sites included in 

this survey were perennial pastures, or have a long term perennial pasture history. Therefore the 

background levels of C are high, which may make it difficult to detect any small changes in soil C with 

confidence or significance. Thirdly, there are only two points in time and little or no replication, so it is 

difficult to differentiate trends from variability for reasons other than those captured in the field survey. 

Therefore our conclusions are limited by the lack of scientific rigour that would have been provided by fully 

designed and replicated trials. 

Given this, three strong messages come out of the treatment comparisons in relation to land management 

and soil C stocks in the Monaro region:  

1. Improving pasture production, by addressing soil nutrient requirements, will potentially increase OM 

supply, and therefore C stocks in soil. 

2. The cropping comparisons in this field study highlighted opportunities for minimal disturbance cropping 

(on a range of soil types) to at least maintain or increase C stocks comparable to introduced pastures.  

3. If C stocks can rapidly increase at a site, it should be assumed that they could decrease just as rapidly.  

 

2. Does minimum disturbance cropping influence carbon stocks over a 2 year period? 

The cropping comparisons in this field study highlighted opportunities for cropping in this region on a range 

of soil types to at least maintain C stocks comparable to introduced pastures. It is hypothesised that the soil 

nutrient management programs associated with the cropping practice and the favourable climate years 

immediately before, and during this project, would have contributed to comparable C stocks. Under drier 

conditions, the C stocks may decline more under the crop compared with a perennial pasture.  

In good years, cropping may maintain or increase soil C stocks relative to perennial pastures.  

 

3. What is the effect of parent material ie. basalt, granite and low grade metamorphics (ascending 

texture, fertility and structure) on soil carbon stocks in the Monaro region? 

Similar to Orgill et al. (2014), this field survey provides evidence that parent material significantly influences 

the concentration and stock of C, as well as a range of soil properties that are potentially correlated with 

SOC. Therefore treatment comparisons should be conditional on parent material.   

Parent material has an effect on fertility and biomass production and on clay content which can influence 

the amount C stored in soils. 
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4. What influence does “aspect” have on carbon stocks in a system with optimum sequestration 

potential, that is, a fertilised, permanent, perennial pasture system?  

There was a greater stock of C in soil under the North Aspect; however, the modelled GrassGro herbage 

mass production suggested little difference in potential OM supply based on biomass produced at each 

aspect site. The soil chemistry results from 2012 and 2014, in conjunction with the modelled GrassGro 

outputs suggest that increases in biomass production (and therefore OM supply to soil) may be achieved by 

reaching and maintaining critical P and S concentrations at this site.  

5. Does liming improved pasture increase C sequestration? 

There were no consistent results indicating an increase or decline in C stocks with liming an introduced 

perennial pasture. In 2012, there was 1.4 Mg C/ha/0.30 m more under the limed treatment, while in 2014, 

there was 4.9 Mg C/ha/0.30 m less under the limed treatment. Correcting soil acidity with lime can have 

both an immediate and long term influence on soil C stocks. If soil pH was limiting plant growth, then liming 

to increase soil pH (and thereby, reduce aluminium toxicity) can increase pasture growth and OM supply. 

However, liming can also increase microbial activity and therefore there may be a short-term decrease in C 

stocks associated with increased decomposition of labile OM. Liming can also influence the pasture 

composition, in particular the leguminous component of the pasture, which supplies N to the grass 

component, and again can be responsible for increasing biomass production and OM supply to the soil. 

Based on the 2012 and 2014 soil survey, there are several sites in this study that have soil pH values at or 

below the critical value of 4.6 and these sites may achieve increases in soil C stocks with liming if responsive 

plant species are present.  

 Complete understanding of the influence of liming on soil C stocks would require a more comprehensive 

investigation. 

 

6. What effect does soil fertility have on C stocks in the Monaro region?  

This was answered in two parts; firstly, by investigating correlations between soil C and other soil chemical 

attributes and secondly, by comparing the predicted herbage mass conditional on addressing critical 

nutrient levels using GrassGro. Correlations between C concentration and soil chemical attributes varied 

between the two sampling years. Total C concentration in soil was highly and positively correlated with 

total N, POC, ROC and HUM in both 2012 and 2014. However, due to the lack of replication in the field 

sites, the value in the 2012 and 2014 datasets are to provide snapshots of soil chemical traits, and the 

observed values represent both site effects plus confounding environmental factors (for example, rainfall 

and temperature). The GrassGro modelled outputs suggest that addressing critical soil nutrient levels (P 

and S) will increase herbage mass production. From a C sequestration perspective, this may increase the 

supply of OM to soil and may potentially lead to an increase in soil C. 

 

7. What effect does pasture age have on the potential of a phalaris perennial pasture to sequester carbon 

i.e. does age of pasture create a “ceiling” on soil carbon sequestration potentials?  

The data from these sites for 2014 does not seem to reflect the anticipated change in soil C stocks at these 

sites. The 2014 C concentration from the composited sample and the three individual cores were compared 

for this site there was significantly less C measured on the composite sample for both of these sites for the 

surface and subsurface soil layers and it is possible that the composite sample has not represented the 
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mean C concentration of the sampling grid and therefore the C stock is underestimated. Regardless, this 

treatment comparison was included to observe any differences in C stock with pasture age. Newly 

established pastures are hypothesised to increase soil C rapidly in the first 5 to 10 years and then plateau 

with steady increases in C concentration continuing for up to 30 years. The new pasture was sown in 2003, 

and had a greater stock of C potentially representing this rapid increase. However, this increase is 

surprisingly high given that the Monaro region experienced drought conditions for the first 6 years 

following pasture establishment. Based on these soil survey results, from 2012 to 2014 there was a 10 Mg 

C/ha/0.30 m decrease in C stock. If this is a true representation of what occurred during this period, a 

possible explanation may be an increase in the rate of decomposition, or a decrease in pasture production 

associated with soil nutrient limitations under the New Introduced Pasture. However, given the magnitude 

of the decrease, it would seem this is most likely due to a spatial sampling problem. That is, spatial 

variability in soil C that was sampled in the 25 x 25 m quadrat.  
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Discussion and Results 
 
Section 3 Modelling 
 
Model outputs for animal production, pasture production and economic output will be summarized for 

each site.  Where improved management options or different pasture bases are compared at a site the 

results will be shown for each of the options and performance compared.  Of particular interest are outputs 

for changes in enteric methane emissions from the enterprise which can be a significant source of leakage 

when increased pasture production is intended to increase sequestration of soil carbon for trading / offset 

purposes.  GrassGro uses the modified equation of Blaxter and Clapperton (1965) to calculate daily enteric 

methane and in this work we have then calculated emissions in CO2 equivalents using the AR4 (Climate 

Change 2007) global warming potential of 25. For selected sites GrassGro model outputs have been used to 

calculate likely changes in soil carbon under different management systems 

 

Site 1 (RO2 – Basalt, new crop site) 

Weather Data 

Table 3.1.1 Monthly average rainfall and temperatures for site 1 (RO2) (1970 – 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rain (mm) 55 54 50 38 33 39 27 27 37 47 67 58 

Max T (Co) 25 25 22 18 14 10 10 11 14 18 20 23 

Min T (Co) 10 10 8 5 2 0 -2 -1 2 4 6 8 

The monthly rainfall data shows a strong dominance of warm season rainfall and an extended season of 

high frost risk extending from April to October. 

Pasture production 

Modelling of this native pasture on a fertile basaltic soil showed an average annual herbage growth of 5905 

kgDM/ha.  Figure 3.1.1 shows the percentile distribution of pasture growth and indicates that in line with 

the summer dominance of rainfall the majority of the pasture growth occurs in the warmer months with 

November and December growth the highest throughout the year. 
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Figure 3.1.1 Distribution of pasture growth at Site 1. (RO2) (1970 – 2014). Blue line is the median weekly 

pasture growth while the red shaded area is extends down to the 25th percentile while the green shaded 

area extends up to the 75th Percentile. 

 

Animal Production 

The modelled overall carrying capacity is 6 Dry Sheep Equivalents (DSE) achieved with an overall pasture 

utilization of 31%.  Carrying capacity at this site is more limited by ground cover risks and the poorer feed 

quality of the dominant native species than at other sites hence a lower achievable utilization rate than 

many of the other sites.  Total clean wool sold is 19 kg/ha and stock totaling 34 kg dressed wt /ha were 

sold. 

Table 3.1.2 Production parameters achieved by at Site 1. (RO2) 

Total annual pasture yield (NPP) (sum) kg/ha 5905 

Dry sheep equivalents (av.) dse/ha 6.0 

Breeding age ewe numbers at joining ewes/ha 3.2 

Lamb Marking Rate (lambs /ewe Joined) % 73 

Wool cut – total flock (sum) kg CFW/ha 19 

Wool cut – lambs (sum) kg CFW/ha 4 

Shorn fibre diameter – ewe adults (av.) microns 18.8 

Shorn fibre diameter – lambs (av.) microns 18.1 

Meat sold – total (sum) kg Dressed Wt/ha 34 

Meat sold – young stock (sum) kg Dressed Wt/ha 24 

Wthr/ram Lambs Sale wt (av.) kg 31.7 

Supplement fed/area  tonnes/ha 0.148 

Pasture Utilisation % 31 

Economic Performance 

 

Table 3.1.3 shows the major items of income and expenditure and the ultimate gross margin per ha.   Total 

income from wool is $200/ha while income from animal sales total $120/ha. 
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Average Gross Margin totals $181/ha. Over the long run the main variable costs are Shearing, Pasture costs 

and supplementary feeding. 

Table 3.1.3 Economic outputs from the merino enterprise modelled at Site 1 (RO2) (1970 – 2014) 

Net wool income – main flock $/ha 159 

Net wool income – young stock $/ha 41 

Sale income – young stock $/ha 88 

Sale income – cast-for-age $/ha 32 

TOTAL INCOME $/ha 320 

Maintenance supplement $/ha 42 

Shearing costs $/ha 33 

Animal husbandry $/ha 38 

Rams purchased $/ha 15 

Sale costs $/ha 10 

Pasture costs $/ha 45 

TOTAL EXPENSES $/ha 182 

Gross Margin $/ha 137 

Overheads $/ha 100 

Profit $/ha 37 

 

Emissions and emissions intensity 

The long term average annual enteric methane released through digestion by the grazing sheep simulated 

at this site is 47.1 kg CH4/ha/yr. This equates to 1117 kg CO2 and when allocated on the basis of the 

economic contribution to the enterprise.  Emissions intensity of clean wool production is 36.7 kg CO2-e/kg  

while for meat it is 12.3 kg CO2-e/kg on a carcase wt. basis. Perhaps a more important measure to consider 

is the annual emissions per livestock unit which equate to 186 kg CO2-e/DSE or 349 kg CO2-e /ewe joined. 

These are useful single measures of the enterprise efficiency and give a useful point of comparison if 

management interventions lead to a change in stocking rate. 

 

Table 3.1.4 Average annual enteric methane emissions and emissions intensity (EI)of wool and meat  grown 

at Site 1. (RO2) Emissions are allocated according to relative economic value of each product to the 

enterprise. 

Enteric CH4  kg/ha CO2 –eq   kg/ha  Wool EI  kg CO2-e/kg Meat EI  kg CO2-e/kg 

47.1 1117 36.7 12.3 

Data for this site was produced predominantly to provide a benchmark of economic performance and 

enteric emissions for a typical enterprise and to give a basis for comparison with any future biophysical or 

economic modelling of the cropping paddock. 
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Site 2 (RO2 – basalt, old native pasture site) 

Weather Data 

Table 3.2.1 Silo Data Drill monthly average rainfall and temperatures for site 1 (RO2) (1970 – 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rain (mm) 55 57 52 40 34 41 30 29 39 50 69 59 

Max T (Co) 25 24 22 18 14 11 10 11 14 18 20 23 

Min T (Co) 10 10 8 5 2 0 -1 0 2 4 6 8 

This site is in a similar area to Site 1. and unsurprisingly the Silo data drill shows very similar averages. The 

long term average annual rainfall is around 20mm higher than Site 1. The site does however show slightly 

reduced variability in annual rainfall and only 9 years out of the 45 year simulation were below 400mm 

compared to twelve at site 1.  Temperatures are ostensibly the same as Site 1. being at approximately the 

same altitude and in a similar part of the landscape only 12km distant. 

 

Pasture production 

As this site was historically used for a native pasture fertiliser trial there is excellent data to validate 

simulation modelling.  The modelling framework used in this work had already been developed in previous 

work as part of this historical trial. Three simulations have been run for this site including a simulation of 

unfertilized native pasture, fertilised native pasture (combination of single superphosphate and gypsum) 

and a fertilised Phalaris based pasture.  

These simulations varied significantly in terms of average annual  herbage growth.  The unfertilized native 

pasture produced an average of 5078 kgDM/ha/yr while the simulation with improved fertility managed 

5913 kgDM/ha/yr .  Model data suggests further improvement to a sown phalaris based pasture with 

similar soil fertility could lift the primary productivity of the pasture even further and achieve an average 

annual pasture growth of 7196 kg DM/ha/yr. Figure 3.1.1 shows distribution of pasture growth and 

indicates that similar to Site 1. the native pasture grows throughout the warm season provided there is 

sufficient soil moisture.  By contrast phalaris which experiences summer dormancy is expected to have a 

period of low growth in late summer however far exceeds the growth of native pastures in autumn, spring 

and early summer. 
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Figure 3.2.1 Long term average pasture growth for native and phalaris based pastures at Site 2. (Mc19 and 

Mc18) (1970 – 2014).  

 

Animal Production 

Using the same ground cover rules already described the sustainable carrying capacity of the low fertility 

native pasture is 4.5 DSE/ha while the addition of fertiliser improves this to 5.8 DSE/ha. The extra feed 

quality and biomass produced by the Phalaris pasture raises this significantly to 9 DSE/ha through a 

combination of higher ewe numbers and higher turn off weights for sale animals.  

Table 3.2.2 Production parameters achieved by each farm system modelled at Site 2.  

  Low Fert 

Native 

Fertilised 

Native 

Fertilised 

Phalaris 

Annual pasture Growth  kg/ha 5078 5913 7196 

DSE rating dse/ha 4.5 5.8 9.0 

Breeding ewes at joining ewes/ha 2.4 3 4.2 

Lamb Marking Rate  % 74 74 82 

Wool cut – total flock  kg CFW/ha 15 19 26 

Wool cut – lambs  kg CFW/ha 3 4 6 

Shorn fibre diameter – 

ewes  

microns 18.9 18.9 18.9 

Shorn fibre diameter – 

lambs  

microns 18.2 18.2 18.5 

Carcase Wt Sold – total  kg/ha 25 32 58 

Carcase Wt Sold – young 

stock  

kg/ha 18 25 44 

Wether Lamb Sale wt (av.) kg 31.3 31.6 38.1 

Supplement fed/area  tonnes/ha 0.113 0.134 0.156 

Pasture Utilisation % 27 30 35 

The response in carrying capacity helps the Phalaris based system to produce almost twice the quantity of 

wool per hectare compared to the low fertility native pasture and through increased growth rates in young 

stock more than twice the carcass weight of sale stock. 
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Economic Performance 

The significant differences in enterprise productivity between these systems translate into even more 

impressive differences in economics. In steady state the phalaris pasture is capable of generating double 

the gross margin per ha and generates more than 6 times the profit than a similarly fertilised native 

pasture. The application of fertiliser to the native pasture while giving only modest economic return over 

the low fertility native pasture it does this with minimal cash outlay compared to the establishment of new 

phalaris pastures. 

Table 3.1.3 Economic outputs from the merino enterprise modelled at Site 1 (RO2) (1970 – 2014). All 
figures are in $/ha. 

 Low Fert 

Native 

Fertilised 

Native 

Fertilised 

Phalaris 

Net wool income – main flock 121 153 212 

Net wool income – young 

stock 

34 41 62 

Sale income – young stock 65 84 149 

Sale income – cast-for-age 24 30 47 

TOTAL INCOME 242 308 470 

Maintenance supplement 31 38 44 

Shearing costs 25 31 43 

Animal husbandry 28 36 52 

Rams purchased 11 14 16 

Sale costs 8 10 19 

Pasture costs 37 60 60 

TOTAL EXPENSES 140 189 234 

Gross Margin 102 119 236 

Overhead Costs 100 100 100     

PROFIT 2 19 136 

Emissions and emissions intensity 

As would be expected with such a significant increase in stocking rate the move to a new phalaris pasture 

will lead to an 82% increase in absolute emissions. The fertilising of native pasture also increases emissions 

by around 27%. Despite this the efficiency of the increased production from both systems does lead to 

small gains in terms of emissions intensity with up to 5% reduction in emissions intensity of wool 

production and up to 10% improvement in emissions intensity of meat production.  Average emissions per 

DSE also declined by around 9% on the phalaris pasture system as would be expected for a higher quality 

feed base. 
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Table 3.1.4 Modelled average annual enteric methane emissions and emissions intensity (EI)of wool and 

meat  production  at Site 2. Emissions are allocated according to relative economic value of each product to 

the enterprise. 

  
Low Fert 

Native 

Fertilised 

Native 

Fertilised 

Phalaris 

Enteric CH4   kg/ha 35.4 45 64.4 

CO2 –eq    kg/ha 885 1125 1610 

Wool EI   kg CO2-e/kg 37.8 37.3 36.1 

Meat EI   kg CO2-e/kg 13.0 13.0 11.6 

DSE EI kg CO2-e/DSE 197 194 179 

Soil Carbon Offset 

Moving to a fully improved phalaris based pasture lead to an increase in methane emissions of 725 kg of 

CO2-e/ha/yr (equivalent of 197kg of Carbon) over and above the baseline low fertility native pasture. For 

there to be a net sequestration as a result of the pasture improvement soil organic carbon  (SOC)levels 

would need to accrue at more than 200 kg /ha/yr.   

GrassGro modelling shows on average the Phalaris system grows an additional 2 t/ha/yr of pasture 

compared to the low fertility native system.   At the same time the model outputs show the extra stock 

remove an additional 794kgDM/ha/yr (total extra DM intake less extra Faecal DM produced). Assuming 

about 15% of the remaining above ground biomass and faeces is converted to SOC this accrues 180kg/ha of 

Carbon in the soil.  If on average 40% of total growth is allocated to roots, an additional 1.4 tonnes of root 

biomass will also be produced, representing a capture of 630 kg/ha of Carbon.  If 30% of this is retained as 

SOC then an additional 190 kg/ha will accrue.  This represents a potential increase of 370 kg/ha/yr in SOC 

throughout the full soil profile.   

To put this in context, experience at the MASTER research site near Wagga indicates that an increase of 2 

tDM/ha/yr in above ground growth did lead to an average increase in soil carbon stocks of around 400 

kg/ha/yr (Chan et al 2010) so a net sequestration of carbon is likely.   

Importantly it is clear that while the extra animals are present increased methane output will occur 

annually the ability of the pasture system to offset these emissions however is far less reliable.  Roth C 

modelling based on GrassGro production outputs shown elsewhere in this report indicates that while 

increased pasture production may lead to increased SOC on average there are likely to be periods where 

SOC stocks decline or remain stagnant leaving the altered system at higher stocking rates with a net 

emissions rather than a net sequestration. 
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Site 3 - (G16 - Old improved pasture vs G17 - New Improved Pasture) 

Weather Data 

Table 3.3.1 Silo Data Drill monthly average rainfall and temperatures for site 3 (1970 – 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rain (mm) 51 65 60 43 34 48 36 31 39 51 73 51 

Max T (Co) 25 25 22 18 15 11 11 13 15 18 21 23 

Min T (Co) 11 11 9 6 3 0 -1 0 2 5 7 9 

At lower altitude and further south east of Sites 1 and 2, this site has a similar rainfall distribution but 

slightly higher annual average rainfall of 578mm over the years simulated.  Area to Site 1.  Minimum 

temperatures are ostensibly the same as the previous two sites throughout winter but other wise the site is 

generally up to 1 Co warmer.  

 

Pasture production 

Data from the soil testing of the two paddocks shows that although assessed as being the same other than 

pasture age there were also differences in soil pH and Aluminium saturation % sufficient to expect  impact 

on root growth and production from more sensitive species such as Phalaris. In addition the old pasture 

had higher bulk density leading to greater restriction of rooting depth.   

The old pasture produced an average of 6755 kgDM/ha/yr while the newer pasture grew 6809kgDM/ha/yr, 

a surprisingly small difference considering the differences in maximum rooting depth of Phalaris.   

 

Table 3.3.2 Long term average pasture growth by species for each paddock simulated at Site 3. 

 

Phalaris Cocksfoot Clover 

Old Pasture  (G16) 61% 34% 5% 

New Pasture  (G17) 80% 14% 6% 

 

Although the species were the same for both paddocks, rooting depth differences caused a significant 

difference in the dominance of Phalaris. Table 3.3.1 shows that while Phalaris dominates the grass 

component on both paddocks, averaged over the 45 year simulation there is more than twice as much 

cocksfoot growing on the old pasture paddock compared to the new. 
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Figure 3.3.1 Long term average pasture growth for old (G16) and new (G17) phalaris based pastures at Site 

3. (1970 – 2014).  

 

Patterns of growth were similar to the Phalaris pasture modelled for site 2.  Figure 3.3.1 shows a distinct 

bimodal distribution with Autumn and Spring peaks in production interspersed with slow growth in late 

summer and the middle of winter. The new pasture paddock showed most advantage over the old pasture 

paddock in late spring and summer mainly due the higher dominance of Phalaris and its greater rooting 

depth in this soil hence an ability to access more soil moisture at these times of high evaporative demand. 

With greater phalaris dominance it also achieved slightly higher growth on the shoulders of winter. 

Animal Production 

Sustainable carrying capacities of the two paddocks were very similar at 9.7 DSE/ha for the old pasture and 

10.3 DSE/ha for the new pasture.  The net result of this is that overall production from the paddocks were 

not significantly different.  

Table 3.2.2 Production parameters achieved by 

each farm system modelled at Site 2. 

Old Pasture New Pasture 

Annual pasture Growth  kg/ha 6755 6809 

DSE rating dse/ha 9.7 10.3 

Breeding ewes at joining ewes/ha 4.6 4.8 

Lamb Marking Rate  % 87% 87% 

Wool cut – total flock  kg CFW/ha 29 31 

Wool cut – lambs  kg CFW/ha 6 7 

Shorn fibre diameter – 

ewes  

microns 18.9 18.9 

Shorn fibre diameter – 

lambs  

microns 18.4 18.4 

Carcase Wt Sold – total  kg/ha 66 70 

Carcase Wt Sold – young 

stock  

kg/ha 51 54 

Wether Lamb Sale wt (av.) kg 37.8 38.1 

Supplement fed/area  tonnes/ha 0.140 0.146 

Pasture Utilisation % 40 43 

Economic Performance 
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With no real difference in productivity between these systems they deliver very similar gross margin and 

profit figures. In their current state these pasture should deliver profit of between $260/ha and $290/ha.   

Overall the impact of the lower soil pH and higher bulk density of the soil was insignificant and the 

modelling suggests that provided the perennial grass base and legume content of an improved pasture can 

be maintained then production levels and profits should be able to be maintained indefinitely.  

Table 3.1.3 Economic outputs from the merino enterprise modelled at Site 1 (RO2) (1970 – 2014). All 

figures are in $/ha. 

 Old Pasture New Pasture 

Net wool income – main flock 230 243 

Net wool income – young 
stock 

68 76 

Sale income – young stock 174 184 

Sale income – cast-for-age 51 54 

TOTAL INCOME 523 558 

Maintenance supplement 39 38 

Shearing costs 47 51 

Animal husbandry 59 62 

Rams purchased 21 22 

Sale costs 19 20 

Pasture costs 64 67 

TOTAL EXPENSES 248 259 

Gross Margin 275 298 

Overhead Costs 100 100 

PROFIT 175 198 

Emissions and emissions intensity 

Again with such similar pasture production and stocking rate these two pasture systems deliver ostensibly 

the same profile of emissions. At 34.4 and 11.4 kg CO2-e/kg emissions intensity is significantly reduced 

compared to any of the native pasture systems. Based on the DSE rating shown the emissions per DSE are 

around 181 kg CO2-e/DSE which is very similar to the emissions per livestock unit for the Phalaris based 

pasture model for site 2. 

Table 3.1.4 Modelled average annual enteric methane emissions and emissions intensity (EI) of wool and 

meat  production  at Site 2. Emissions are allocated according to relative economic value of each product to 

the enterprise. 

  
Old Pasture New Pasture 

Enteric CH4   kg/ha 70.1 74.5 

CO2 –eq    kg/ha 1752 1863 

Wool EI   kg CO2-e/kg 34.4 34.4 

Meat EI   kg CO2-e/kg 11.4 11.4 

DSE EI kg CO2-e/DSE 181 181 
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Site 7 (J15 - Old improved Pasture site) 

Weather Data 

Average annual rainfall from the Silo data drill for site 7 was 634mm with a distribution that is less summer 

dominant although warm season rainfall is still higher than the cool season rainfall.  The higher average 

June rainfall is influenced strongly by periodic coastal low pressure systems and is 16mm higher than the 

median for this month.  Temperatures remain similar to the other sites except winter minimum 

temperatures are about 1 Co warmer than the other sites. 

Table 3.7.1 Monthly average rainfall and temperatures for site 7 (J15) (1970 – 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rain (mm) 57 59 58 47 38 56 45 41 46 58 71 56 

Max T (Co) 25 24 21 18 14 11 10 12 15 17 20 23 

Min T (Co) 11 11 9 6 3 1 0 1 3 5 7 9 

 

Pasture production 

Modelling of this old improved pasture growing on a Yellow Chromosol of medium fertility indicates  an 

average annual herbage growth of around 7800 kgDM/ha.  Figure 3.1.1 shows the percentile distribution of 

pasture growth and indicates that pasture growth follows a bimodal pattern of growth with a slump in 

summer growth during the period when phalaris exhibits its dormancy and annual species are senescent. 

The impact of the slightly milder winter temperatures and better rainfall averages is a shorter slump in mid-

winter growth with median growth rate only falling below 10kg DM/ha/d for the period from mid-June to 

early August. 

Figure 3.1.1 Distribution of pasture growth at Site 1. (RO2) (1970 – 2014). Blue line is the median weekly 

pasture growth while the red shaded area is extends down to the 25th percentile while the green shaded 

area extends up to the 75th Percentile. 
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Animal Production 

The modelled overall carrying capacity is 13.8 Dry Sheep Equivalents (DSE) achieved with an overall pasture 

utilization of 50%.  Even though the soil fertility is only moderate and well below the optimum level for 

Phosphorus the high rainfall and long growing season ensures that stocking rates are high even though the 

potential  may be considerably higher.  Total clean wool sold averages 40 kg/ha and the total carcass 

weight of animals sold was 94 kg /ha. 

 

Table 3.1.2 Production parameters achieved by at Site 1. (RO2) 

Total annual pasture yield (NPP) (sum) kg/ha 7724 

Dry sheep equivalents (av.) dse/ha 13.6 

Breeding age ewe numbers at joining ewes/ha 3.2 

Lamb Marking Rate (lambs /ewe Joined) % 84 

Wool cut – total flock (sum) kg CFW/ha 39 

Wool cut – lambs (sum) kg CFW/ha 8 

Shorn fibre diameter – ewe adults (av.) microns 18.9 

Shorn fibre diameter – lambs (av.) microns 18.4 

Meat sold – total (sum) kg Dressed Wt/ha 92 

Meat sold – young stock (sum) kg Dressed Wt/ha 70 

Wthr/ram Lambs Sale wt (av.) kg 37.3 

Supplement fed/area  tonnes/ha 0.160 

Pasture Utilisation % 50 
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Economic Performance 

Table 3.1.3 shows the major items of income and expenditure and the ultimate gross margin per ha.   Total 

income from wool is $456/ha while income from animal sales total $376/ha. Despite the much higher 

stocking rate the average annual requirement for supplements per ha is the same as for enterprises based 

on well fertilised native pastures.  

The average Gross Margin is $399/ha.  

Table 3.1.3 Economic outputs from the merino enterprise modelled at Site 1 (RO2) (1970 – 2014) 

Net wool income – main flock $/ha 323 

Net wool income – young stock $/ha 88 

Sale income – young stock $/ha 237 

Sale income – cast-for-age $/ha 73 

TOTAL INCOME $/ha 721 

Maintenance supplement $/ha 45 

Shearing costs $/ha 65 

Animal husbandry $/ha 81 

Rams purchased $/ha 29 

Sale costs $/ha 26 

Pasture costs $/ha 84 

TOTAL EXPENSES $/ha 331 

Gross Margin $/ha 391 

Overhead Costs $/ha 100 

Profit $/ha 291 

 

Emissions and emissions intensity 

The long term average annual enteric methane released through digestion by the grazing sheep simulated 

at this site is 96.9 kg CH4/ha/yr. This equates to 2421 kg CO2-eq/ha. When emissions are allocated on the 

basis of the economic value of the products, the emissions intensity of wool is 35.4 kg CO2-e/kg and just 

11.3 kg CO2-e/kg for meat.  On a DSE bass this pasture system emits 178 kg CO2-e/DSE again a very similar 

level to the other sites with sown pastures. 

Table 3.1.4 Average annual enteric methane emissions and emissions intensity (EI)of wool and meat  grown 

at Site 1. (RO2) Emissions are allocated according to relative economic value of each product to the 

enterprise. 

Enteric CH4  kg/ha CO2 –eq   kg/ha  Wool EI  kg CO2-e/kg Meat EI  kg CO2-e/kg 

96.9 2421 35.4 11.3 

No comparative systems were modelled at this site since the main soil carbon comparison at this site was 

between this pasture system and Crop or Pine plantations on similar soils in neighboring paddocks. 
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Site 8 - Aspect comparison for improved pastures on a North (HO6) and East (HO7) aspect 

Weather Data 

Rainfall at this site is similar to but slightly higher than Site 7 with an average annual rainfall of 726mm. The 

highest rainfall months are in the warmer seasons but the second highest individual month for average 

rainfall is June.  It must be noted that this figure is an aberration caused by the impact of a few very high 

rainfall events on the numerical average. The June rainfall record in 1975 1978 and 2007 was 235, 334 and 

235mm these extreme rainfall events results from intense coastal low pressure systems and are common in 

June .  The median rainfall for June at this location is just 51mm. 

Table 3.8.1 Silo Data Drill monthly average rainfall and temperatures for site 1 (RO2) (1970 – 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rain (mm) 58 67 64 54 47 77 53 48 54 64 80 62 

Max T (Co) 24 23 21 17 13 10 10 11 14 17 19 22 

Min T (Co) 10 10 9 6 3 1 0 1 3 5 7 9 

 

As the effect of aspect was the subject of research at site 8 the different aspects were instrumented with a 

weather station. Weather data was collated over two years from February 2013 to determine any 

systematic differences caused by the aspect.  No evidence was apparent that aspect made any difference to 

rainfall, relative humidity (RH) or the temperatures recorded. For the North aspect the northerly slope 

component was calculated to be 8% while on the East aspect the northerly component of slope was 1% so 

since radiation data was collected using level solar this data was transformed based on the northerly 

component of the known slope of each aspect.  The corrected incident radiation data and the measured 

differences in wind influenced calculated evaporation making subtle differences according to aspect.  

Figure 3.8.1 quantifies the scale of the difference in incident radiation and evaporation between the 

aspects. 
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Figure 3.8.1 Differences in calculated monthly average incident radiation and potential evapotranspiration 

(PET) for the two aspects at Site 8. 

 

 

Pasture production 

The aspects represented are simply two differing slopes either side of a drainage line in a single existing 

paddock.  For this reason the grazing management and fertiliser history have effectively been the same 

although it is possible that some differential grazing may have occurred due to any aspect differences.  In 

addition to the subtle differences in evaporation and radiation the topsoil on the north facing slope was 

slightly shallower and soil coring revealed a gravelly layer in the subsoil indicating it was appropriate to 

simulate a reduced the plant available water capacity for the subsoil compared to the eastern slope.   

The simulations of aspect varied in terms of average annual herbage growth with the  East aspect 

producing about 6% more than the North aspect.  Differences were not as large as might have been 

expected because the measured bulk densities of the soil at this site are high and pose a significant 

limitation to rooting depth on both aspects.   
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Figure 3.8.2 Long term average pasture growth at Site 2 for three Colwell P levels on the  North 

aspect(HO6) and  South aspect(HO7) (1970 – 2014).  

 

 

Soil fertility was the same for each aspect but based on the measured Phosphorous Buffer Index (70), the 

soil Phosphorous (P) at 20 ppm Colwell was much lower than optimal (31ppm). Soil P levels were limiting 

pasture growth potential. Since differential management according to aspect was a stated interest of the 

MFS group additional simulations were conducted for each aspect using higher soil fertility scalars 

representing an indicative soil P level of 26ppm and 31ppm Colwell. The long term average growth curve 

for each soil fertility level modelled is shown in figure 3.8.2 

While differences between aspects appear subtle compared with the impact of soil fertility, figure 3.8.3 

shows the easterly aspect enjoys between 5 and 10% higher pasture growth in autumn and 10 – 20% better 

growth in early spring which translates directly to increased carrying capacity.  However the north aspect 

has an advantage of 3% - 5% in June and July.   

Differences are derived partly from the effect of aspect and partly from soil physical characteristics 

including soil depth and texture (plant available water capacity).  A further simulation of the East aspect 

baseline scenario but using the north aspect weather data, revealed a sustainable carrying capacity of just 
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10.7 DSE/ha suggesting that a third of the total difference in carrying capacity at this site came from 

differences in soil parameters and the remaining 60% from differences in the weather data (aspect effects).  

Figure 3.8.3 Percent difference in average monthly growth (1970 – 2014) on the east aspect compared to 

the North Aspect at Site 8 with soil P set to 20ppm. 

 

 

Animal Production 

All simulations have been optimized to the same ground cover maintenance parameters such that a 

minimum of 70% ground cover is maintained for 7 years out of 10 ie ground cover has been allowed to fall 

below 70% in 13 of the 45 years simulated. In the worst drought years modelled ground cover has fallen 

well below 50% however setting long term stocking rates to avoid this leads to very low long term 

utilization of pasture. In real systems these are the periods of true drought management where strategies 

such as destocking or drought lot feeding must be practiced.  GrassGro does not have a facility to destock 

during drought however animals are fed at high rates (similar to a drought lot) due to the low pasture 

availability in these periods.   

Table 3.8.2 shows the carrying capacity of the baseline simulation on the north aspect is 9.9 DSE/ha while 

on the East slope it is 11.9. Our modelling assumes that the stock utilise the aspects in accordance with this 

capacity since these areas are actually grazed as one paddock at around 11 DSE/ha. Model outputs show 

this difference translates to 17% higher wool production and 21% higher meat production on the east 

aspect.  Since the difference in herbage production is only 6% a significant part of these gains come from 

the ability to utilise a higher proportion of growth without compromising ground cover.  

Significant gains in carrying capacity and production are available from increasing soil fertility through the 

use of Super Phosphate. Modelled at the equivalent of 26 and 31ppm Colwell P the east aspect continues 

to produce around 6% more biomass for each soil test increment  than the north aspect. This translates to 

an increase of 3.7 and 7.6 DSE/ha on the east aspect compared to 3.3 and 6.4 DSE/ha on the north aspect 

for the same capital input of fertiliser.  On both aspects the addition of fertiliser changes the reliability of 

pasture growth such that a greater proportion of the annual growth can be utilised without any further 

compromise of ground cover.  
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Table 3.8.2 Production levels achieved on each aspect modelled at Site 8 at three levels of soil fertility. 

 North Aspect East Aspect 

Colwell P (ppm) Base 

(20) 

26 31 Base 

(20) 

26 31 

Pasture Growth (kg 

DM/ha/yr) 

6194 7688 9312 6589 8190 9888 

DSE/ha 9.9 13.2 16.3 11.9 15.6 19.5 

Breeding ewes/ha  4.7 6.1 7.3 5.5 7.2 8.5 

Marking % 79 81 84 79 81 82 

CleanWool cut – 

total  (kg/ha) 

29 38 48 34 45 58 

Clean Wool cut – 

lambs  (kg/ha) 

5 8 10 7 9 13 

Ewe fibre diameter 

(µm) 

18.9 19 19.1 19 19 19.1 

Lamb fibre 

diameter (µm) 

18.3 18.5 18.6 18.4 18.5 18.7 

Total Carcase Wt 

Sold – (kg/ha) 

61 82 106 74 99 126 

Lamb Carcase Wt 

Sold – (kg/ha) 

44 60 79 54 73 94 

Wether Lamb Sale 

wt  (kg) 

35.4 36.8 39.2 36.4 37.5 9.2 

Supplement fed  

(tonnes/ha) 

0.146 0.151 0.135 0.137 0.148 0.148 

Pasture Utilisation 

% 

45 49 50 51 54 56 

 

Economic Performance 

It is clear that adding capital levels of fertiliser (levels that raise soil test values) increase the economic 

output of the merino ewes system simulated on both aspects however for the same level of capital 

expenditure the increase in the steady state returns are in favour of the east facing aspect. Raising soil P to 

26ppm on the east aspect yielded an extra $124/ha/yr while the same change on the north facing slope 

gained only $107/ha/yr.  Taking both systems to their target soil P level of 31 ppm yielded an advantage of 

$264/ha/yr on the east aspect compared to $227/ha/yr on the north aspect.   

These results would suggest that returns to capital investment in fertiliser would be best on the east aspect 

in this case but this conclusion is specific to this location and only 70% of the difference appears to come 

from the impact of aspect and the remaining 30% from inherent differences in soil physical properties 

(depth and texture).   



POLICY DELIVERY– Action on the Ground Round 1- Final Report  116 
AOTGR1-110 

 

 

Table 3.8.3 Economic outputs from the merino enterprise modelled at Site 1 (RO2) (1970 – 2014). All 

figures are in $/ha. 

 North Aspect East Aspect 

Colwell P (ppm) Base 

(20) 

26 31 Base 

(20) 

26 31 

Net wool income – 

main flock 

243 319 389 287 374 463 

Net wool income – 

young stock 

57 81 106 71 99 134 

Sale income – young 

stock 

156 210 270 188 251 319 

Sale income – cast-

for-age 

53 69 84 63 82 100 

TOTAL INCOME 509 679 849 609 806 1016 

Maintenance 

supplement 

41 42 38 38 41 41 

Shearing costs 48 62 75 56 73 89 

Animal husbandry 59 77 93 69 90 110 

Rams purchased 22 28 34 26 33 40 

Sale costs 17 23 29 21 27 34 

Pasture costs 65 82 97 75 93 113 

TOTAL EXPENSES 252 314 365 285 357 428 

Gross Margin 258 365 485 324 448 588 

Overhead Costs 100 100 100 100 100 100     

PROFIT 158 265 385 224 348 488 

 

Emissions and emissions intensity 

As with simulations for other sites where changes in pasture increased the carrying capacity absolute 

emissions increased largely in proportion to the increase in stock numbers. Emissions produced varied from 

171 to 181 kg CO2-e/DSE with the lowest number in favour of the higher soil fertility.  In general these 

changes reduced the emissions intensity of production with systems running at optimum soil fertility 

(31ppm) showing a 6-7% reduction in the emissions intensity of both wool and meat. 
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Table 3.8.4 Modelled average annual enteric methane emissions and emissions intensity (EI)of wool and 

meat  production  at Site 8. Emissions are allocated according to relative economic value of each product to 

the enterprise. 

 North Aspect East Aspect 

Colwell P (ppm) 
Base 

(20) 

26 31 Base 

(20) 

26 31 

Enteric CH4  kg/ha 71.7 94.4 111.4 85.1 111.4 137.1 

CO2 –eq   kg/ha 1792 2360 2785 2128 2785 3428 

Wool EI  kg CO2-e/kg 36.4 36.6 33.8 36.8 36.3 34.7 

Meat EI  kg CO2-e/kg 12.1 11.8 11 11.9 11.6 11.2 

DSE EI kg CO2-e/DSE 181 179 171 179 179 176 

 

Soil Carbon Offset 

The relative difference in annual pasture production between fully fertilising the easterly aspect compared 

to the westerly aspect is just 181kgDM/ha/yr of which only a small minority will accrue as additional soil 

carbon.  This aspect difference is minor compared to the more than 3000 kgDM/ha/yr increase in pasture 

productivity resulting from the use of fertiliser regardless of aspect. Calculated as reported for Site 2 this 

difference could amount to a total extra biomass produced (root and shoot) of up to 5 tonnes/ha/yr which 

after grazing, leaves more than 3.5 tonnes available to contribute to soil carbon stocks.  Assuming 45% 

Carbon content this makes an extra 1.57 tonnes of Carbon but almost a quarter of this must be retained as 

soil Carbon in order to offset the additional methane due to the higher stocking rates. 

Differential Management of Slope 

While there are apparent aspect differences in the economic output from different levels of soil fertility this 

does not unequivocally suggest that fertiliser give better returns through differential application according 

to aspect.  To confirm the impact of a business decision to fertilise either aspect, key outputs from the 

GrassGro modelling  were used to characterize the MLA Ptool spreadsheet 

(http://www.mla.com.au/files/72bb203f-c236-43e9-bf41-9dde00c83cb3/Ptool.xls) to give projections of 

cash flow  out to ten years (figures 3.8.4 and 3.8.5).  

http://www.mla.com.au/files/72bb203f-c236-43e9-bf41-9dde00c83cb3/Ptool.xls
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Figure 3.8.4 Economic return of raising soil fertility from 20ppm to 31 ppm Colwell on the Northerly aspect 

of Site 8. 

 

Figure 3.8.5 Economic returns of raising soil fertility from 20ppm to 31 ppm Colwell on the Easterly aspect 

of Site 8. 

 

The stocking rate response curve in the Ptool was set to mimic that of the GrassGro modelling such that the 

current stocking rate was matched to the current soil P level (20ppm)and the maximum stocking rate 

modelled by GrassGro was set as the potential carrying capacity at optimal soil P levels (31 ppm).  It was 

assumed that the optimal soil P and stocking rate would be reached in year 2 of implementation through 

equal capital applications of fertiliser in years 1 and 2. Gross margins used were taken from the GrassGro 

economic analysis with appropriate corrections for fertiliser costs as these are accounted for separately in 

the Ptool calculations. Interest on borrowings is set to 8% and the cost of additional livestock is set to 

$50/DSE. 

Assuming full utilisation of the extra carrying capacity can be realized, 10 years after the investment in 

fertiliser to raise soil fertility the difference in cumulative cash flow is $443/ha in favour of fertilising the 

east aspect compared to the north aspect.  However, it is most likely false to assume that animals will graze 

the different aspects in accordance with their carrying capacity when free to choose between them in the 

one paddock. If they do not, then to take full advantage of targeted fertilising according to aspect would 

require the aspects to be fenced to enable stocking rate to be matched to carrying capacity. 
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The topography at Site 8 shows 18ha of east facing land could be divided off the original 32 ha paddock 

with 570m of fence (32m per ha subdivided). Ata cost of $7000 per km for permanent fencing (including 

labour, gates etc) the subdivision would cost $224 per ha. The advantage in 10year cumulative cash-flow 

with fencing cost included (figure 3.8.5) diminishes to $200/ha. 

 

Figure 3.8.5 Economic returns by raising soil fertility from 20ppm to 31 ppm Colwell on the Easterly aspect 

of Site 8 including a subdivision cost of $224/ha. 

 

Figure 3.8.6 Economic returns of raising soil fertility from 20ppm to 31 ppm Colwell across both aspects of 

Site 8 as a single paddock. 

 

By comparison the average cumulative cash flow from fully fertilising the entire paddock (Figure 3.8.6) is 

$2167 or $50/ha higher than the differential treatment of the easterly aspect if fencing costs are included.  

It is clear that choosing to raise soil fertility regardless of the aspect is a profitable venture that might also 

approximate carbon neutrality if enteric methane emissions are accounted for. However differential 

management of aspect is unlikely to give a significant extra return either economic or in terms of additional 

soil Carbon stocks. 
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General Conclusions 

Modelling of a range of the project sites demonstrates remarkable consistency in the enterprise emissions 

produced when considered on a DSE basis.  For low fertility native pasture systems running the self -

replacing merino enterprise typical of the Monaro we might expect emissions of around 195 kg CO2-e/DSE.  

Improving pastures with introduced species and optimising soil fertility was show to improve this 

marginally. Introduced pastures at moderate fertility levels achieved a DSE emissions intensity of around 

180 kg CO2-e/DSE while when optimally fertilised this can be reduced be a further 5 kg CO2-e/DSE .  The 

relatively small difference in this emissions figure expressed on a per livestock unit basis suggests we can 

reasonably use this as an indicator of the quantum of extra emissions that might be expected when pasture 

is improved and stocking rates increased.   

For example, to claim reduced net emissions (carbon sequestration), management that improves pasture 

production and increases carrying capacity of a native pasture by 2 DSE/ha will first need to offset  an 

increase in methane emissions of around 400 kg CO2-e/ha or 110 kg of carbon. In rough terms if only 20% 

of any extra biomass produced is retained in the soil then the first 6-700kg of extra above ground biomass 

production would be needed to offset the extra livestock emissions even before accounting for any changes 

in other emissions sources such as N2O which might also be expected. 

In economic terms the returns to increasing soil fertility are clear but only when the extra pasture produced 

is utilised.  This means increasing stocking rates and with that livestock emissions.  The modeling of 

potential fertility changes at Site 8 show over $2000/ha extra profit accumulated over a 10 year period 

resulting from applications of higher rates of fertiliser.  If the fertiliser was applied solely for the purposes 

of sequestering soil carbon, at $14/tonne CO2-e, 40 tonnes of extra soil carbon would be needed to net the 

same extra returns.  To achieve this,  additional above ground pasture growth of more than 20 

tonnes/ha/year would be required ie. more than trebling pasture production. 

Calculations such as these make it clear that on farm decisions to increase pasture productivity will be 

made principally to increase livestock production and any value coming from carbon sequestration will be 

relatively minor within the current quantum of its market value. 
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IMPLICATIONS FOR AUSTRALIAN AGRICULTURE 

The Monaro region has a considerable proportion of farming land under native and introduced perennial 

pastures. Research in the region has confirmed no difference in C stocks between these two pasture types 

and reported large background C stocks in soil. The question then becomes, is there scope for land 

management to increase these soil C concentration and stock with changing the vegetation type (for 

example, crop vs pasture), improving soil nutrient levels, or through managing grazing pressure. This was a 

demonstration project, and therefore was limited in terms of replication and the results need to be 

interpreted with this in mind. However, some key findings and issues are very clear from this project for 

any discussions regarding C sequestration in agricultural soils such as those in the Monaro region.  

1. Parent material significantly influenced SOC concentration and stock, as well as a range of soil 

properties that are potentially correlated with SOC and that drive biomass production and OM 

supply. Therefore treatment comparisons should be conditional on parent material and any 

modeling of regional values should consider this variability within a region.  

2. The concentration of soil C is influenced by landscape attributes, including: soil depth, clay content, 

aspect, topography and relief. Depending on the extent of variation of these attributes within a 

paddock, C variation may be greater than the expected short term, detectable change in C 

concentration. This variability is generally greatest at sites with high soil C concentrations and 

particularly in pastures where plant growth can cause large variations in soil carbon.  

3. There was significant variability in C stocks between 2012 and 2014; ranging from +27 Mg 

C/ha/0.30 m to -10 Mg C/ha/0.30 m. In most cases, other than the extreme increases or decreases, 

these increases in C stock correspond with biomass growth increases due to favorable climate 

conditions during these years and the years proceeding (since 2010). However, in some cases the 

mass of C change seems unlikely in terms of net C sequestration or C decline, and may represent 

higher OM <2 mm in the soil sample, inflating the C concentration, or a spatial sampling problems 

concerning variability in OC at the site. Regardless, if C stocks can rapidly increase at a site, it should 

be assumed that they could decrease just as rapidly. 

4. There was a strong positive correlation between total C %, and total N % and the C fractions. There 

was also a strong positive correlation between pH, CEC, available S and available P. The GrassGro 

modeled outputs for pasture based systems suggested that addressing critical soil nutrient levels (P 

and S) may increase herbage mass production. From a C sequestration perspective, this may 

increase the supply of OM to soil and may potentially lead to an increase in soil C. As such, 

addressing soil nutrient requirements is likely to increase biomass production and may increase 

SOC stocks. 

5. There may be opportunities for minimal disturbance cropping (on a range of soil types) to at least 

maintain or increase C stocks comparable to introduced perennial pastures in good years. However, 

under drier conditions, the C stocks may decline more under the crop compared with a perennial 

pasture.  

6. The influence of liming on C stocks under perennial pastures is complex. If soil pH is limiting pasture 

production, then liming may increase biomass production, therefore OM supply and C stocks. 

However, soil pH alone is not a good indicator of limitations to pasture production as highly acidic 

soils (pH CaCl2 4.0 to 4.6) may have acid tolerant species and production may not be impeded by 
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soil pH. Furthermore, liming may remove a limitation to microbial decomposition of OM and may 

explain a decrease in C stocks with liming if there is an increase in the rate of OM decomposition. 

Complete understanding of the influence of liming on soil C stocks would require a more 

comprehensive investigation. 

7. Fertilising pastures to their critical production potential can significantly reduce DSE emissions 

intensity. However, to claim reduced net emissions, any management that improves pasture 

production and increases carrying capacity will first need to offset any increase in methane 

emissions (e.g. on a native pasture, increase of 2 DSE/ha is approximately 400 kg CO2-e/ha or 110 

kg of carbon). Based on conservative estimates of retaining 20% of any extra biomass produced in 

the soil, then the first 600-700kg of extra above ground biomass production would be needed to 

offset the extra livestock emissions. Given this, farm decisions to increase pasture productivity will 

be made principally to increase livestock production and any value coming from soil C 

sequestration in soil will be relatively minor within the current quantum of its market value and 

given its variability in pasture based systems. 

Given these key findings, it is recommended that landholders make management decisions based on 

achieving sustainable increases in production, and the benefits of increasing or maintaining soil C are likely 

to follow.  
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PLAIN ENGLISH SUMMARY 

PROJECT TITLE 

Monaro Farm Management Strategies and their effects on soil carbon 

PARTNER ORGANISATIONS  

Responsibilities and Contributions 

MFS – Lead Organisation (Project Application, progress reports, site selection, delegation of tasks, 

management of project team, coordination of communications, field days, sites, sampling and project 

activities & reporting, financial reporting & management, weather station data, assistance & collation of 

Final Report) 

NSW DPI – Partner Organisation (Soil Sampling, paddock scale C variability, analysis & interpretation 

results, modelling, biometrician analysis, presentations at field days, coordination lab analysis, soil 

characterizations, lab comparisons, communications) 

Sydney University – Partner Organisation (consulting services as part of Project team, site selection, 

assistance with weather stations and data, interpretation of final results, mapping services, presentations 

at field days, sharing Monaro research soil carbon results) 

Graz Prophet Consulting – Contracted Provider (consulting services as part of Project team, analysis and 

interpretation of results, modelling work) 

PROJECT SUMMARY 

This project investigated the propensity of various land management systems to influence soil carbon 

stocks thereby informing land managers on the Monaro the potential of management practices to 

sequester and/or influence soil carbon.   It also demonstrated the base line values and variability of soil 

carbon across this region and the complex interactions and relationships between land use, management 

practices, soil nutrients, climate and soil C. Three key messages come out of the treatment comparisons in 

relation to land management and soil C stocks in the Monaro region: 1. Improving pasture production, by 

addressing soil nutrient requirements, will potentially increase OM supply, and therefore C stocks in soil. 2. 

The cropping comparisons in this field study highlighted opportunities for minimal disturbance cropping (on 

a range of soil types) to at least maintain or increase C stocks comparable to introduced pastures. 3. If C 

stocks can rapidly increase at a site, it should be assumed that they could decrease just as rapidly.  
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OBJECTIVES 

 

- Compare the influence of laboratory choice on measured OC concentrations. 

- Investigate the spatial variation of SOC at the paddock scale and how this influences sampling 

technique. 

- Collect and document baseline soil C information in the Monaro region (at 19 sites). 

- Determine the influence of current contrasting agricultural systems (crop vs pasture, perennial vs native, 

lime vs un limed, aspect, fertility and pasture age) on SOC stocks. 

- Determine the correlation between OC concentration and other soil chemical traits to inform the 

potential for nutrient management to influence soil C concentration 

- Model soil carbon and emission profiles and predicted pasture system production under land-use 

comparisons using GrassGro® software 

- Develop a publication on project outcomes and co-author peer reviewed paper for publication 

KEY ACTIVITIES 

-No deviations from the original project plan 

-Site selection finalised and soil characterisation for each site completed (19 sampling sites, 7 properties) 

-Collation of land holder site records detailing historic & current management practices, climate and land 

use practices (survey points October 2012 and December 2014) 

-HOBO weather stations purchased and 3 sites instrumented (March 2013) 

-Development and signing of sub-contract with NSW DPI (August 2012) 

-First soil sampling of all 19 sites as well as site characterisations completed (October 2012) 

[collection of pasture information at selected sites ie. species composition, biomass, ground cover, climate 

data] 

-Second and final soil sampling of all sites (October – November 2014) 

-Variogram soil sampling at 3 sites and analysis (November 2013) 

-Field days (MFS Soil Carbon Project Updates & Discussion of Results) 

 March 2013 (Cooma and Bombala) - 50 participants 

 November 2013 (Nimmitabel) – 40 participants 

 Feb 2014 (Sustainable Agricultural Forum, Holbrook) – 80 participants 

 Mar 2014 – Paper presentation (National Soil Conference, Bendigo, Vic) – 150 participants 

 May 2015 (MLA Pasture Update - Nimmitabel) – 65 participants 

-Regular project team meetings to discuss progress, review deliverables and confirm roles and 

responsibilities for final report (May 2012, Oct 2012, Mar 2014, Feb 2015, April 2015, May 2015) 
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-Communications throughout the project included;   MFS Media Releases to 3 local print outlets (Dec 2012, 

Jan 2013, Nov 2013), article in the NSW DPI “All the Dirt” Newsletter (Sept 2013), articles in the following 

MFS quarterly newsletters (March 2012, June 2012, December 2012, March 2013, Sept 2014) 

-NSW DPI and MFS Paper “Soil carbon under perennial pastures; benchmarking the influence of pasture age 

and management “ – March 2013 

-As part of the Final report, an e-booklet and publication was produced, contracted to NSW DPI which 

summarized the main key messages to land holders as well as results and recommendations.   

-Analysis, interpretation and discussion of all data and results into a Final Report (Feb, March, April 2015) 

OUTCOMES 

 - Increased landholder awareness regarding the importance of using objective, evidence based information 

(soil test data, gross margin/economic info, DM yields) to adopt management practices which enhance 

and/or sustain soil carbon stocks 

- Awareness of farm management practices which enhance soil fertility and productivity and may increase 

soil carbon stocks in the Monaro region 

- Baseline SOC data for the Monaro region, contributing to existing from local SOC trial work (Susan Orgill 

and Dr Yin Chan NSW DPI & Lachy Ingram, Sydney University) 

- Educational publication with key findings from the project applicable to the Monaro region and other 

pasture based systems.  

- Collation of data in a centralised data base in an appropriate form that can be used in future modeling 

(Roth C and GrassGro) to enable historic and future projections to be discussed and documented within the 

local Monaro rural community and the broader regional rural Industry. 

IMPLICATIONS 

The Monaro region has a considerable proportion of farming land under native and introduced perennial 

pastures. Research in the region has confirmed no difference in C stocks between these two pasture types 

and reported large background C stocks in soil. The question then becomes, is there scope for land 

management to increase these soil C concentration and stock with changing the vegetation type (for 

example, crop vs pasture), improving soil nutrient levels, or through managing grazing pressure. This was a 

demonstration project, and therefore was limited in terms of replication and the results need to be 

interpreted with this in mind. However, some key findings and issues are very clear from this project for 

any discussions regarding C sequestration in agricultural soils such as those in the Monaro region.  

8. Parent material significantly influenced SOC concentration and stock, as well as a range of soil 

properties that are potentially correlated with SOC and that drive biomass production and OM 

supply. Therefore treatment comparisons should be conditional on parent material and any 

modeling of regional values should consider this variability within a region.  
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9. The concentration of soil C is influenced by landscape attributes, including: soil depth, clay content, 

aspect, topography and relief. Depending on the extent of variation of these attributes within a 

paddock, C variation may be greater than the expected short term, detectable change in C 

concentration. This variability is generally greatest at sites with high soil C concentrations and 

particularly in pastures where plant growth can cause large variations in soil carbon.  

10. There was significant variability in C stocks between 2012 and 2014; ranging from +27 Mg 

C/ha/0.30 m to -10 Mg C/ha/0.30 m. In most cases, other than the extreme increases or decreases, 

these increases in C stock correspond with biomass growth increases due to favorable climate 

conditions during these years and the years proceeding (since 2010). However, in some cases the 

mass of C change seems unlikely in terms of net C sequestration or C decline, and may represent 

higher OM <2 mm in the soil sample, inflating the C concentration, or a spatial sampling problems 

concerning variability in OC at the site. Regardless, if C stocks can rapidly increase at a site, it should 

be assumed that they could decrease just as rapidly. 

11. There was a strong positive correlation between total C %, and total N % and the C fractions. There 

was also a strong positive correlation between pH, CEC, available S and available P. The GrassGro 

modeled outputs for pasture based systems suggested that addressing critical soil nutrient levels (P 

and S) may increase herbage mass production. From a C sequestration perspective, this may 

increase the supply of OM to soil and may potentially lead to an increase in soil C. As such, 

addressing soil nutrient requirements is likely to increase biomass production and may increase 

SOC stocks. 

12. There may be opportunities for minimal disturbance cropping (on a range of soil types) to at least 

maintain or increase C stocks comparable to introduced perennial pastures in good years. However, 

under drier conditions, the C stocks may decline more under the crop compared with a perennial 

pasture.  

13. The influence of liming on C stocks under perennial pastures is complex. If soil pH is limiting pasture 

production, then liming may increase biomass production, therefore OM supply and C stocks. 

However, soil pH alone is not a good indicator of limitations to pasture production as highly acidic 

soils (pH CaCl2 4.0 to 4.6) may have acid tolerant species and production may not be impeded by 

soil pH. Furthermore, liming may remove a limitation to microbial decomposition of OM and may 

explain a decrease in C stocks with liming if there is an increase in the rate of OM decomposition. 

Complete understanding of the influence of liming on soil C stocks would require a more 

comprehensive investigation. 

14. Fertilising pastures to their critical production potential can significantly reduce DSE emissions 

intensity. However, to claim reduced net emissions, any management that improves pasture 

production and increases carrying capacity will first need to offset any increase in methane 

emissions (e.g. on a native pasture, increase of 2 DSE/ha is approximately 400 kg CO2-e/ha or 110 

kg of carbon). Based on conservative estimates of retaining 20% of any extra biomass produced in 

the soil, then the first 600-700kg of extra above ground biomass production would be needed to 

offset the extra livestock emissions. Given this, farm decisions to increase pasture productivity will 

be made principally to increase livestock production and any value coming from soil C 

sequestration in soil will be relatively minor within the current quantum of its market value and 

given its variability in pasture based systems. 
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Given these key findings, it is recommended that landholders make management decisions based on 

achieving sustainable increases in production, and the benefits of increasing or maintaining soil C are likely 

to follow.  

 

 

 

 

 


