
1 

 
 
 
 

 
 
 

 

 
 

final repport 

Project code: B.CCH.2007 

Prepared by: Ram Dalal and Diane Allen 

Department of Science, IT, 
Innovation and the Arts (formerly 
Department of Environment and 
Resource Management) 

June 2012 Date published: 

PUBLISHED BY 
Meat & Livestock Australia Limited 
Locked Bag 991
NORTH SYDNEY NSW 2059

ished by

Meat & Livestock Australia acknowledges the matching funds provided by the Australian 
Government to support the research and development detailed in this publication. 

This publication is published by Meat & Livestock Australia Limited ABN 39 081 678 364 (MLA). Care is taken to 
ensure the accuracy of the information contained in this publication. However MLA cannot accept responsibility for 
the accuracy or completeness of the information or opinions contained in the publication. You should make your 
own enquiries before making decisions concerning your interests. Reproduction in whole or in part of this 
publication is prohibited without prior written consent of MLA. 

Sampling methodology for estimating the 
impacts of pasture type and management on 

soil carbon stocks in grazing lands 



 2 

Final report on: Fractionation of soil carbon samples for processing and analysis for 
organic carbon estimation of the particulate organic carbon (Particulate-C) and 
humus (Humus-C) and charcoal (Char-C) carbon fractions.  Samples for fractionation 
are from Wambiana long-term research trial, collected as part of B.CCH.2007 
measurement of total soil organic carbon.  Samples are to be fractionated and then 
sent to CSIRO, Adelaide, for analysis, once current samples within the National Soil 
Carbon Research Program (SCaRP) are complete. 
 
 
Abstract 
In addition to measurement of total soil organic carbon stocks, the measurement of 
carbon fractions, particulate organic carbon (POC) and humus (HUM) may provide 
important information relating to turnover rates of carbon in the soil.  These include: 
the roles different soil C fractions contribute towards soil health and plant 
productivity, carbon sequestration and the potential influence of soil carbon stock 
changes for measurement and monitoring purposes. To date, this MLA-funded 
project has: (i) undertaken and published a critical review of sampling designs for the 
measurement of soil organic carbon in grazing lands; (ii) developed a recommended 
sampling strategy for measurement of soil carbon in grazing lands based upon soil 
type, sampling scale, number and location of sampling points (published in peer-
review journal); (iii) applied the recommended sampling methodology outlined above 
to assess SOC stocks in paddocks with varied grazing management (cell, rotation, 
continuous stocking and fire frequency and intensity), including northern Australian 
rangelands as part of the national Soil Carbon Research Program; (iv) reported 
findings of SOC stock and management effects from long-term grazing and leucaena 
research trials (Wambiana and Brian Pastures); and (v) provided recommendations 
for ongoing research efforts of soil carbon stock measurement in Australian 
rangelands. Using Wambiana long-term Research trial data from this project, we 
continue this work beyond total soil organic carbon assessment, to consider sampling 
methodology and statistical analysis of the soil organic carbon fractions, in 
accordance with national soil carbon research activities.  
 
Project objectives 
The objectives of the project are: 
 

1. Identification and fractionation of soil organic carbon samples from Wambiana 
long-term research trial (2 paddocks representing moderate and heavy 
grazing) into the >50 and <50µm fractions, in accordance with national Soil 
Carbon Research Program (SCaRP) methodology. 

2. Storage and transit of soil samples for further processing by CSIRO Adelaide 
laboratory, upon completion of current national Soil Carbon Research 
Program (SCaRP). 
 

 
Success in achieving milestone 
We have successfully achieved milestone 9, submission of the final report, as 
outlined below: 
 

 Identification of soil samples for fractionation 
Soil samples from Wambiana long-term research trial, used to assess 
sampling design for determination of soil organic C stocks (Pringle et al. 
2011; see Appendix 1) were identified from the soil archive and scheduled for 
fractionation. 
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 Fractionation of identified soil samples for analysis of organic carbon, 
based upon national Soil Carbon Research Program (SCaRP) 
methodology. 
Soils analysed for total organic carbon in fine earth (<2mm) fraction as part of 
this project, were sieved to the >50 and <50µm fractions using a Fritsch 
Vibratory Sieve Shaker with 50µm sieve. A subset of the >50 and <50µm 
fractions have been identified, based on %C values of fine earth fraction, for 
calibration data set for MIR analysis of organic carbon.  Remaining samples 
will be archived for cross-validation of MIR results as required (Appendix 2 
outlines an overview of SCaRP methodology).  
 

 Prepared samples to be sent to CSIRO Adelaide lab for analysis. 
Communication with Dr Jeff Baldock, CSIRO Adelaide, is ongoing, to ensure 
samples are sent to CSIRO Adelaide lab for analysis upon completion of 
current SCaRP program activities (final SCaRP report due 30 June 2012). 
 

 Communication of project, including project status and outcomes 
The project methodology has been communicated to a range of stakeholders 
and published as scientific journal articles; Appendices 1 and 2 summarise 
the main findings of these publications. Further, discussion is ongoing with Dr 
Jeff Baldock, CSIRO Adelaide, in order to transit samples to the CSIRO 
laboratory upon completion of the current national Soil Carbon Research 
Program (SCaRP) activities, and to identify calibration data set for estimation 
of POC, and where possible, HUM-C and Char-C. 

 
 

Overall progress of the project 
Initial project objectives have been fulfilled; further reporting of results will follow the 
timeline of reporting within the national Soil Carbon Research Program (Final report 
for northern rangelands component of SCaRP is scheduled for 30 June 2012). 
 
Recommendations 
An update to ongoing MLA project (B.CCH.2007) has been proposed (proposed 
progress update to MLA end August 2012) to enable Jeff to determine timeframe for 
soil fraction analysis.  
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List of Appendices 
Appendix 1 – List of publications associated with this project are noted below: 
 
1a. Critical review of sampling design for the measurement of soil organic carbon in 
Australian grazing lands (full article in pdf format is supplied as attachment to report). 
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1b. Sampling design for the measurement of total soil organic carbon stock at 
Wambiana long-term research trial (full article in pdf format is supplied as attachment 
to report). 
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Appendix 2 - Summary points regarding fractionation of soil samples for soil organic 
carbon as part of the national soil carbon research program (SCaRP)  
 
http://www.clw.csiro.au/publications/science/2011/SAF-SCaRP-methods.pdf  
 

 The national soil carbon program has adopted a modified version of a 
fractionation scheme proposed by Skjemstad et al (2004), which isolates 
particulate and mineral-associated fractions based upon size fractionation 
after sample dispersion, and then further isolates a resistant organic matter 
fraction dominated by charcoal present in the two physical fractions by use of 
solid-state 13C NMR spectroscopy.  This fractionation scheme defines a 
particulate, humus and char fraction, which Skjemstad et al (2004) 
successfully substituted into the Roth-C modelling framework as measureable 
versions of the resistant plant material (RPM), humified OM (HUM) and inert 
OM (IOM) pools.  

 

 Several improvements from the initial fractionation protocol have been made: 
operator variability in physical separation of size fractions is now reduced by 
use of an automated vibratory sieve shaker system (Massis et al 2010).  
Importantly, particulate C recoveries were found to be significantly greater 
using the automated method because less truly particulate material was being 
broken down and forced through the sieve.  Second, it has been now 
recognized that the particulate fraction (>50 µm) can contain measureable 
quantities of char, thus charcoal content of both fractions is now determined 
and the quantities are bulked together to give the total char-C content. 
 

 As the fractionation procedure is very labour and time intensive, 5-10% of the 
samples in the SCaRP project will be physically fractionated.  These samples 
have been carefully chosen to span a range in OC content in each region, so 
that they can be used as an effective calibration set of samples for developing 
mid-infrared (MIR) spectroscopy-based calibration algorithms that will allow 
the content of SOC allocation to the particulate, humus and charcoal-like 
fractions to be predicted from the acquired MIR spectra. Each sample 
selected for fractionation goes through the fractionation procedure twice.  The 
first time through, a 10 g sample is size fractionated and the carbon content of 
each size fraction is determined.  The second time, this information is then 
used to determine how much of each of these two fractions, depending on 
their carbon content, need to be accumulated in order to determine the char 
content via 13C NMR spectroscopy 

http://www.clw.csiro.au/publications/science/2011/SAF-SCaRP-methods.pdf

