
 1 

 

 

 

 

http://researchoutput.csu.edu.au 
 
It is the paper published as: 

 
Author: M. Conyers, G. Poile, A. Oates, D. Waters and K. Chan 
Title: Comparison of three carbon determination methods on naturally occurring substrates 
and the implication for the quantification of soil carbon 
Journal: Soil Research       ISSN: 1838-675X 
Year: 2011  Volume: 49  Issue: 1  Pages: 27-33 
 
Abstract: Accounting for C in soil will require a degree of precision sufficient to permit an 
assessment of any trend through time. Soil can contain many chemically diverse forms of 
organic and inorganic carbon. We measured the C content of 26 substrates by three methods 
commonly used for soil C (Walkley-Black 1934; Heanes 1984 and Leco Corp.1995). The 
Heanes and Leco methods were essentially equivalent in their capture of organic C but the 
Leco method captured almost all the inorganic C (carbonates, graphite). The Heanes and 
Walkley-Black methods did not measure carbonates but did measure 92% and 9% 
respectively of the C in graphite. All three of the common soil test procedures measured some 
proportion of the charcoal and of the other burnt materials. The proportion of common organic 
substrates (not the carbonates, graphite or soil) that was C by weight ranged from about 10 to 
90% based on the Heanes and Leco data. The proportion of the organic fraction of those 
same substrates, as measured by LOI, that was C by weight ranged from 42 to 100%. The 
relationship between Walkley-Black C and total C (by Heanes and Leco) for the 26 substrates 
showed that Walkley-Black C was a variable proportion of total C. Finally, there are apparent 
artefacts in the Cr -acid methods used: dichromate digestion should contain at least 7-10 mg 
C in the sample or over-recovery of C might be reported. Our observation here that common 
soil C procedures readily measure C in plant roots and shoots, and in burnt stubble, means 
that there will probably be intra-annual variation in soil %C because avoidance of these fresh 
residues is difficult. Such apparent intra-annual variation in soil %C will make the detection of 
long term trends problematic. 
 
URLs: http://dx.doi.org/10.1071/SR10103 ; http://researchoutput.csu.edu.au/R/-?func=dbin-
jump-full&object_id=34975&local_base=GEN01-CSU01  
 
Author Address: mark.conyers@dpi.nsw.gov.au 
graeme.poile@dpi.nsw.gov.au 
albert.oates@dpi.nsw.gov.au  
 
CRO Number: 34975 
 

http://researchoutput.csu.edu.au/
http://dx.doi.org/10.1071/SR10103
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&object_id=34975&local_base=GEN01-CSU01
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&object_id=34975&local_base=GEN01-CSU01
http://www.csu.edu.au/
http://bilby.unilinc.edu.au:8881/R?func=search&local_base=GEN01-CSU01


 2 

The measurement of carbon in naturally occurring substrates will influence the 

apparent quantification of ‘soil organic carbon’. 
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Abstract 

Accounting for C in soil will require a degree of precision sufficient to permit an 

assessment of any trend through time. Soil can contain many chemically diverse 

forms of organic and inorganic carbon. We measured the C content of 26 substrates 

by three methods commonly used for soil C (Walkley-Black 1934; Heanes 1984 and 

Leco Corp.1995). The Heanes and Leco methods were essentially equivalent in their 

capture of organic C but the Leco method captured almost all the inorganic C 

(carbonates, graphite). The Heanes and Walkley-Black methods did not measure 

carbonates but did measure 92% and 9% respectively of the C in graphite. All three of 

the common soil test procedures measured some proportion of the charcoal and of the 

other burnt materials. The proportion of common organic substrates (not the 

carbonates, graphite or soil) that was C by weight ranged from about 10 to 90% based 

on the Heanes and Leco data. The proportion of the organic fraction of those same 

substrates, as measured by LOI, that was C by weight ranged from 42 to 100%. The 

relationship between Walkley-Black C and total C (by Heanes and Leco) for the 26 

substrates showed that Walkley-Black C was a variable proportion of total C.  Finally, 

there are apparent artefacts in the Cr –acid methods used: dichromate digestion should 

contain at least 7-10 mg C in the sample or over-recovery of C might be reported.   

 

Our observation here that common soil C procedures readily measure C in plant roots 

and shoots, and in burnt stubble, means that there will probably be intra-annual 

variation in soil %C because avoidance of these fresh residues is difficult. Such 

apparent intra-annual variation in soil %C will make the detection of long term trends 

problematic.  

Key words: Soil Carbon, Carbon methods, Leco, Heanes, Walkley-Black. 



 4 

Introduction 

With regard to the current urgency in addressing carbon (C) management, accounting 

for C in soil will require a degree of precision sufficient to permit an assessment of 

any net trend through time. Soil can contain many chemically diverse forms of 

organic and inorganic carbon (Nelson and Sommers 1982). Fresh organic forms of C 

are continually being returned to soil from plant and animal detritus, however due to 

microbial respiration of these fresh residues not all of this material will become part 

of the soil C pool. During soil sampling it is possible to avoid fresh animal dung and 

larger plant detritus but fragments of dry, decomposing dung and small plant detritus, 

including fine roots, might not be readily apparent. Dung, leaf and root material can 

also be removed from soil if they are large enough to be caught on a standard 2 mm 

sieve. However fine roots are not easily detected or removed. Concurrent grinding (or 

crushing) and sieving of soil samples by electro-mechanical apparatus will result in 

fresh plant C and animal detritus being included in the soil sample. Hence soil organic 

C is not always readily distinguished from recent plant and animal sources of C. This 

implies that seasonal variation in plant production, and grazing, might lead to 

apparent seasonal variations in soil organic %C that might overshadow longer term 

trends. Charcoal within the soil is seldom visible from the surface; some coarser 

fragments might be removed during hand sieving, whereas concurrent electro-

mechanical grinding and sieving will result in all of the charcoal being included in the 

soil sample. Hence the method of soil sample preparation will influence the C result. 

Further, many soils contain carbonates either naturally or from liming. Even 5 years 

after liming, coarser particles of limestone and dolomite can be found in soil (Conyers 

and Scott 1989). This can confound some measures of organic C in soil unless 

corrective action is undertaken. 
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There are many methods for measuring C in soil, ranging from the traditional 

Walkley-Black (Walkley and Black 1934) and its derivatives (Heanes 1984) to the 

modern manifestation of the Dumas oxidation using purpose built analysers such as 

the Leco instrument (Leco 1995). Each method has strengths and limitations (Nelson 

and Sommers 1982). 

To address the issue of measuring soil C there needs to be standardised protocols, 

both for the analytical method and for the preparation of samples. In this study we 

contribute to the development of such protocols by comparing the measurement of 26 

C-containing substrates by 3 common methods for measuring C in soils. With the 

obvious exception of the Kandosol soil, and of the graphite which was included for 

interest, all of the other 24 substrates occur in at least some soils and hence might 

contribute to apparent variations in soil test C. 

 

Materials and methods 

Substrates 

Table 1 lists the substances as tested. All substances were used as supplied by 

manufacturers or, where we obtained the sample, were ground (ring and puck mill) 

and sieved to pass a 250 µm sieve. 

 

Analytical methods 

The Walkley & Black (W-B) organic carbon method (Walkley and Black 1934) uses 

the heat of dilution from addition of sulphuric acid to a potassium dichromate solution 

to help oxidise the organic matter. The original method has been modified from a 

titrimetric finish (unreacted dichromate) to a colorimetric finish (Cr
3+

 product)(Sims 

and Haby 1971).  
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A sample containing less then 25 mg C was placed into a 250 ml conical flask, 10 mls 

of 1N potassium dichromate was added and allowed 30 minutes reaction, followed by 

the rapid addition, whilst swirling, of 20 mls 98% sulphuric acid, mixed, and allowed 

to stand for 30 minutes. Then 120 mls of distilled water was added, mixed and the 

sample was allowed to cool. An aliquot of the final solution was then centrifuged and 

absorbance determined at 600 nm. A set of sucrose standards was used for the 

calibration. Results are reported on an oven dry weight basis. Each sample was 

analysed in triplicate. 

 

The Heanes method (Heanes 1984) is based on the Walkley & Black method but the 

heat of reaction is supplemented and made equivalent for all samples. A sample 

containing less then 25 mg C was placed into a 100 ml calibrated digestion tube. Then 

10 mls of 1N potassium dichromate was added, mixed and allowed to react for 30 

minutes. Twenty mls of 98% sulphuric acid was then added gradually to the digestion 

tube and the solution mixed and placed into a pre-heated aluminium block set at 

135°C for 30 minutes of reaction. The tube was then removed and allowed to cool. 

The solution was made to a final volume of 100 mls after cooling, mixed and an 

aliquot centrifuged and absorbance determined at 600 nm using a 1 cm path length. A 

set of standards based on sucrose was used for calibration. Results are reported on an 

oven dry weight basis. Each sample was analysed in triplicate. 

 

Measurements of total C were made in triplicate by the Dumas combustion method 

using a Leco CNS2000 operating at a furnace temperature of 1350°C (Leco 1995). 
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The instrument was calibrated using EDTA with quantities of C comparable to those 

in the substrates to be analysed. Results are reported on an oven dry basis. 

 

Loss-On-Ignition (LOI) gives an estimate of organic matter. The samples were heated 

in a furnace to 550°C so as to destroy the organic matter but to retain inorganic 

elements. The temperature was below that required for the thermal decomposition of 

carbonates (Nelson and Sommers 1982; Zhang et al 2005). A sample was placed into 

an oven-dried Ni crucible of known weight. Samples were then oven dried in those 

crucibles at 105°C for 24 hours after which crucibles were removed and allowed to 

cool in a desiccator, and weights recorded. Crucibles were then placed into a furnace 

at room temperature. Temperature was raised to 550°C at a rate of 60°C/hour and held 

at 550°C for 2 hours. Samples were then removed and placed into a desiccator to cool 

before being weighed. LOI was calculated as the loss of weight at 550°C as a 

percentage of the oven dry (105°C) weight of the sample (Matthiessen et al., 2005). 

Each sample was analysed in triplicate. 

 

An estimate was made of precision based on the three homogenous substrates; 

sucrose, starch and cellulose, with known C contents. For the W-B method the 

respective coefficients of variation (c.v.%) were 0.04, 0.74 and 0.33.  For the Heanes 

method the c.v.% were 1.17, 0.94 and 1.74, whilst for the Leco method they were 

0.19, 0.38 and 0.38. Hence c.v.% of about 0.5% could be expected for the W-B and 

Leco methods and about 1% for the Heanes method. 
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Results 

Comparison of methods 

Averaged across substrates there was no statistically significant difference between 

the Heanes and Leco methods (45.02 and 45.05%C respectively) but the W-B method 

returned significantly (P=0.02) less C (average 29.97%). The most significant linear 

correlation between methods was between the Heanes and Leco methods (r=0.989) 

(Fig 1) and the strength of this correlation increased with the removal of the two 

carbonate samples: 

Heanes %C  =  0.987(0.019)Leco %C         r = 0.996. 

The value in parentheses is the standard error. The intercept was not statistically 

significantly different to zero. The implication is that the Heanes and Leco methods 

measure the same pool of organic C 

 

INSERT FIG 1 NEAR HERE 

 

Note that this regression applies to the analysis of the substrates listed in Table 1, not 

to a range of soils. 

 

Comparison amongst substrates 

For the sucrose, starch and cellulose there was no difference between the three C 

methods (Table 2). There was also no statistically significant difference between 

methods for wheat stubble, peat and surprisingly, for the Eucalypt wood. The Leco 

method returned more C than the Heanes method for the compost, wood charcoal and 

the graphite. Conversely the Heanes returned more C than the Leco method for clover 

roots, (almost for ryegrass roots), sheep manure, cow manure, acid washed charcoal 
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and biochar-green waste. A special case was the cypress pine where both the Heanes 

and the W-B returned more C than the Leco method. These differences could be 

random effects, given Figure 1, they could be associated with experimental artefacts, 

or both. 

 

Organic Matter content of substrates as estimated by LOI. 

LOI approached 100% (ash content approached 0%) for the sucrose, starch and 

cellulose (Table 3). The 3 timber samples also had high organic matter contents. At 

the other extreme the graphite and carbonates had <5% LOI as expected. Surprisingly 

the peat also had <50% LOI.  The compost contained sand and crushed bone so the 

<50% LOI is to be expected. The burnt materials covered a broad range, from 34% 

for burnt wheat stubble to about 95% for both acid washed charcoal and biochar made 

from green waste. 

 

Apparent C content of the organic fraction of the substrates 

Assuming that the LOI was organic material, the apparent %C content of the organic 

fraction of the substrates is shown in columns 3 to 5 of Table 3, corresponding with 

the three methods. Using the Heanes and Leco data, many common substrates (peat, 

compost, manures, plant detritus) were in the range 47-58%C, as were the timber 

samples. The burnt materials were in the range 74 to 102%C. The biochars gave very 

different %C to each other by the W-B method but similar values by the Heanes and 

Leco methods. The graphite results (for all three methods) suggest that there was 

more C than LOI, as expected. Likewise for the CaCO3 and the dolomite there was no 

or little LOI, consistent with the inorganic nature of the substrates, though the 

dolomite might still contain some biological C residue. 
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For the soil sample the organic matter was apparently only 25 to 32% C, well below 

the generally accepted 58%. We measured LOI and Leco C for a further 10 soil 

samples and found this low value of C content of soil organic matter to be general (27 

to 48% on an oven dry basis). This is the subject of further study. 

 

 W-B C as a proportion of total organic C 

For soil samples it is generally accepted that the ratio of W-B C to total organic C is 

about 80%. For the soil sample in our study W-B C was 80-83% of total organic C 

(Table 4), consistent with the accepted average. However for the individual substrates, 

excluding the carbonates, the ratio ranged from 9% (Leco) or 10% (Heanes) for the 

graphite up to 100% for the sucrose and cypress pine. 

 

Artefact in Cr oxidation based methods 

In our initial analyses with the W-B method we found very variable apparent C 

contents with many substrates. The lower the mass of sample used the higher the 

apparent C content. An initial interpretation was that larger sample masses might 

require more reaction time. We converted all sample masses to their apparent content 

of mg C in the sample using the Leco C result. The error (% deviation from the mean 

for each substrate) for replicate analyses was calculated, with the mean being based 

on samples where the C content exceeded 7 mg. For unburnt samples (Fig 2A) the 

error has a tendency to become positive (overestimate C) below about 7 mg C in the 

sample but with large scatter in the data. For burnt samples, the tendency to 

overestimate C occurs below about 10-12 mg C (Fig 2B). Hence we propose that any 

W-B analysis that returns a total of less than about 10 mg C needs to be repeated with 

a larger sample mass where this is practical. The same tendency, though dampened, 
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was discernable with the Heanes method data. The scatter and tendency for 

overestimation of C with low sample mass, followed by a plateau (Figure 2) is not 

entirely consistent with the notion of a limited rate of reaction for larger sample 

masses. The observation is consistent with the thermal decomposition of dichromate 

contributing to apparent oxidation by organic C (Walkley, 1947), and hence a 

substantial relative error at low sample mass. Walinga et al. (1992) proposed that the 

decomposition of dichromate was catalysed by reaction products, since the artefact 

was not proportional to the excess of unreacted dichromate. 

 

INSERT FIGURE 2 NEAR HERE 

 

Discussion 

Comparison of methods and substrates 

The use of a controlled heating step is known to be necessary to complete the 

oxidation of organic carbon by the dichromate-sulphuric acid mixture, so that a more 

accurate quantitative measure of total SOC can be determined (Heanes 1984). Dry 

combustion, traditionally a slow manual procedure, has evolved to include automated 

techniques that are simple and rapid (Tabatabai and Bremner 1991). While equipment 

may be expensive, the capture of evolved CO2 under temperatures up to 1350°C has 

become the benchmark for total carbon analysis (Heanes 1984; Grewal et al. 1991). 

 

The results of this study show that while the Heanes and Leco methods return similar 

values for C across a range of substrates, there are significant differences between 

these two methods for some substrates. These differences are likely to be artefacts 

associated with the chemistry of Cr and with the response of the substrate to heating. 
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Additionally, some substrates might contain a significant proportion of C where the 

assumption of zero valency is inadequate. That is, the assumption in the calculation 

that 2 moles of dichromate oxidises 3 moles of C
0
 might not be accurate. With simple, 

pure substrates all 3 methods return the same C contents.  

 

In calcareous soils, allowance must be made for carbonates in the quantification of 

SOC by the Leco method, but for non-calcareous soils the procedure is an accurate 

measure of the total organic carbon of a sample (Nelson and Sommers 1982).  The 

Heanes and W-B methods did not measure any C in the carbonate form in this study. 

Additionally, the Heanes method obtained C values similar to the Leco method for the 

individual substrates. This good capture of organic C, without any overestimation due 

to carbonates, supports the use of the Heanes method for soil OC% across a range of 

soils. However the method uses toxic compounds that present a problem for 

laboratory staff and for waste disposal. 

 

All three methods measured a proportion of charcoal and burnt substrates, with the 

W-B measuring the least and the Heanes and Leco methods measuring similar 

quantities. There is a difference of course between the direct measurement of a 

substrate and recovery of that substrate after its addition to soil. Yet our results for 

charcoal are consistent with many studies on recovery from soil (Nelson and 

Sommers, 1996). For example Kerven et al. (2000) found that the recovered 

proportion of charcoal added to soil samples (apparent recovery) increased as follows: 

W-B 0-10%, Heanes 85-96% and Leco 97-106%. This suggests that recovery from 

soil is not a major limitation to the measurement of carbonized substrates. Given that 

burnt material is likely to be common in many soils (Skjemstad et al 1996), and that it 
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is organic in origin, it probably needs to be measured as part of the organic or the inert 

C pool. This measurement is relevant to the estimation of the inert or recalcitrant 

pools in C models. Both the Heanes and Leco methods measure the bulk of the 

charcoal and burnt substrates.  

 

Across the range of substrates used in this study, it appears that the Heanes method 

(and similar methods, Nelson and Sommers, 1996) is well suited to measuring organic 

C without overestimation due to carbonates or underestimation due to burnt 

substrates. 

 

Organic matter content of substrates as estimated by LOI 

The LOI at 550°C of the various substrates listed in Table 3 is not subject to the 

artefacts associated with heating soils to such a temperature (structural water, salt 

decomposition). Zhang et al (2005) found that temperatures ranging from 450 to 

600°C gave similar LOI for composts and organic mulches without CaCO3. However 

we acknowledge that our estimates of organic matter in soil based on LOI at 550°C 

are subject to errors that give rise to potential overestimation (Schulte and Hopkins, 

1996). Direct methods for the quantification of soil organic matter such as loss on 

ignition (LOI) and H2O2 treatment can both be subject to error (Nelson and Sommers 

1982).  Removal of the organic matter from soil is incomplete under the H2O2 method, 

and varies depending on reaction conditions and sample properties (Mikutta et al. 

2005). The LOI method has been reported to overestimate the organic matter in soils 

due to losses from other components, mainly hydrated aluminosilicates (Magdoff et 

al.1996), hydrated salts and carbonates (Nelson and Sommers 1982; Grewal et al. 

1991). In this study we took precautions to minimise both adsorbed and re-adsorbed 
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water in our substrates (Table 1) and also in our 10 additional soils. The soils were 

acidic and contained no carbonates from liming. Therefore the potential for over 

estimation of organic matter in the soil samples (by LOI at 550°C) would be limited 

to dehydroxylation/dehydration of silicates between 105 and 550
o
C (Schulte and 

Hopkins, 1996). Hence we are confident that the low %C values (27-48% Leco 

C/LOI) that we obtained for soil organic matter are not gross underestimates. 

Nonetheless we are comparing different temperatures for their impact on LOI from 

soil. 

 

Apparent C content of organic substrates 

SOC has been conventionally reported as 58% of soil organic matter, and a 

SOC/organic matter conversion factor of 1.724 was previously deemed an acceptable 

average (Schollenberger 1945). However Nelson and Sommers (1982) reported that C 

comprises from 48 to 58% of the mass of soil organic matter, and indicated a 

corresponding range of conversion factors for surface soils from 2.0 to 1.724, stating 

that the appropriate factor should be determined for each soil. Conversion factors for 

subsoil samples have been reported as high as 2.5 (Broadbent 1953). Various authors 

have concluded that a quantitatively determined SOC value should be reported as 

such, rather than converted to an organic matter value (Nelson and Sommers 1996;  

Kasozi et al. 2009). This conclusion was supported by a study of organic carbon 

percentages from fluvial bed sediments (Sutherland 1998). Our data on a range of 

substrates suggests that fresh materials likely to be added to soil are 42 to 58% C 

(conversion factors 2.38 to 1.72), consistent with studies on the C content of soil 

organic matter. However the burnt, or more “carbonized” substrates have C contents 

of 75 to 100% (conversion factors 1.33 to 1.0). Hence the more burnt material in a soil 



 15 

the more likely it is that the true conversion factor will be less than 1.724. With 

greater stubble inputs to a soil, the more likely it is that the factor will exceed 1.724. 

 

W-B C as a proportion of total organic C 

It is generally acknowledged that the W-B oxidation procedure does not completely 

oxidise all of the organic carbon in a soil sample unless a controlled heating step is 

used, and so a correction factor is required (Nelson and Sommers, 1996). Walkley and 

Black (1934) reported an average recovery of 76 % of SOC from the oxidation-

titration method, and therefore recommended a correction factor of 1.32, which since 

has had widespread support. However the range of actual recoveries from that 1934 

study ranged from 60 to 86% and other authors have also indicated a wide range of 

recovery (Nelson and Sommers 1982; Grewal et al. 1991). Our data on a range of 

organic substrates are therefore consistent with the literature on soil organic C and we 

therefore support the proposition that W-B data should be reported as readily 

oxidisable C and that no attempt at estimating total C be made. 

 

Artefacts in Cr oxidation based methods 

The original determination of soil OC by dichromate-sulphuric acid oxidation 

involved acid hydrolysis of the organic material in the presence of excess oxidant 

(dichromate) followed by determination of the unreduced oxidant via a redox titration 

(Walkley and Black 1934). This method is still widely utilised today due to its rapid 

and simple procedure, as well as the requirement for minimal equipment. However 

the compromise with this approach is a potential loss of accuracy. On one hand 

sample digestion requires controlled heating if full recovery of C is to be obtained. On 

the other hand, the thermal decomposition of Cr2O7
2-

  to Cr
3+

 has been reported 
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(Walkley 1947; Walinga et al 1992) but perhaps has not been fully appreciated. We 

reinforce the well known need to use a mass of soil sample appropriate for its C 

content and the reliable analytical range of the method. We suggest that the lower end 

of this range is where the total C in the sample is about 7 to 12 mg, in agreement with 

Nelson and Sommers (1996). This threshold quantity of C will minimise the relative 

contribution of thermal decomposition to the loss of dichromate (gain of Cr
3+

) and 

hence to the measurement of soil C. Heating time and temperature might need to be 

optimised for various types of substrate. 

 

Conclusions 

The Heanes and Leco methods are essentially equivalent in their capture of C, except 

that the Leco method captures almost all the inorganic C. The Heanes and W-B 

methods do not measure carbonates. All three of the common soil test procedures 

measured some proportion of the charcoals and of the other burnt materials, and even 

a proportion of the graphite, the latter ranging from 9% (W-B) to 96.6% (Leco). We 

consider the Heanes method to be relatively free of artefacts and it requires 

inexpensive equipment. It is however not as convenient as the Leco instrument for 

large sample numbers, and it employs toxic chemicals. 

The proportion of C in common organic substrates ranged from 42 to 100%, so a 

convergence toward a single value of 58%C for organic matter across a range of soils 

seemed improbable: it was not an accurate assumption for a range of NSW soils 

where the range was 27-48%, based on Leco total organic %C and LOI. 

The variable relationship between W-B and total C (Leco, Heanes) on the 26 

substrates showed that W-B C should be reported as such and not converted to total 

organic %C assuming any single factor.   
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There are apparent artefacts in the Cr –acid methods used: dichromate digestion 

should contain at least 7-12 mg C in the sample.  

The measurement of C in plant roots and shoots, in burnt material, and in manure by 

common soil C procedures means that there will probably be intra-annual variation in 

apparent soil %C, making the detection of long term trends problematic. Therefore 

there are two practical options: 

1. as much plant material, dung, and organic detritus as possible must either be 

avoided at sampling or must be removed from soil samples prior to analysis, 

or 

2. large temporal variations in soil test C, due to temporal variation in fresh 

residue additions, needs to be expected when attempting to monitor long term 

trends. 

Either way, samples should probably be collected at a similar time of year for the 

measurement of long term trends. 
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Table 1 Substrates used in this study: source and fineness. 

No. Name Substance Description Fineness 

1 Sucrose Sucrose, AR grade (BDH) “as is” 

2 Starch Corn starch (Sigma S4126) “as is” 

3 Cellulose Fibrous, medium (Sigma C6288) “as is” 

    

4 Ryegrass tops Lolium perenne < 250 µm 

5 Ryegrass roots Lolium perenne < 250 µm 

6 Clover tops Trifolium repens < 250 µm 

7 Clover stolons Trifolium repens < 250 µm 

8 Clover roots Trifolium repens < 250 µm 

9 Wheat stubble Triticum aestivum, mature, no head < 250 µm  

    

10 Compost Domestic source < 250 µm 

11 Peat Commercial product < 250 µm 

    

12 Sheep manure Ovis aries faeces < 250 µm 

13 Cow manure Bos taurus faeces < 250 µm 

    

14 Cypress pine Callitris glaucophylla, heartwood 

from dried timber 

< 250 µm 

15 Mountain ash Eucalyptus regnans, heartwood 

from dried timber 

< 250 µm 

16 Lemon scented gum Corymbia citriodora, heartwood 

from fresh timber 

< 250 µm 

    

17 Wheat stubble – burnt As for 9, burnt under “cool” flame < 250 µm 

18 Wood Charcoal Burnt Eucalyptus polyanthemos < 250 µm 

19 Acid washed charcoal Acid washed commercial product < 250 µm 

20 Carbon black Carbon black (Jaegar chemicals) “as is” 

21 Biochar – green  From green waste < 250 µm 

22 Biochar - manure From Bos taurus faeces < 250 µm 

23 Graphite Powdered commercial product  “as is” 

    

24 Lime CaCO3, AR grade (BDH) “as is” 

25 Dolomite Dolomite, Mt Gambier < 250 µm 

    

26 Kandosol soil Standard soil   < 250 µm 
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Table 2. A comparison of the apparent %C content of 26 substrates using 3 analytical 

methods commonly used for the analysis of C in soils.  

(Values followed by the same alphabetic symbol are not significantly different at the 

5% level.) 

                             Method 

Substrate Walkley-

Black 

Heanes Leco 

Sucrose (42.1%C) 42.71a 42.13a 42.18a 

Starch (44.4%C) 44.57a 44.80a 43.95a 

Cellulose(44.4%C) 44.25a 45.44a 44.27a 

    

Ryegrass tops 38.78a 45.71b 43.79b 

Ryegrass roots 39.05a 43.37b 42.62b 

Clover tops 40.66a 44.04b 43.90b 

Clover stolons 40.91a 44.76b 44.45b 

Clover roots 40.77a 49.41c 44.96b 

Wheat stubble 43.43a 45.13a 44.17a 

    

Compost 19.13a 21.76b 24.01c 

Peat 10.31a 11.32a 11.35a 

    

Sheep manure 41.34a 47.71c 43.91b 

Cow manure 39.53a 44.42c 41.65b 

    

Cypress pine 53.45a 53.70a 51.02b 

Mountain ash 49.06a 50.43a 48.88a 

Lemon scented gum 46.84a 51.13b 49.27b 

    

Wheat stubble burnt 12.25a 26.47b 25.71b 

Wood charcoal 15.61a 87.06b 90.39c 

Acid washed charcoal 49.60a 94.26c 90.64b 

Carbon black 35.22a 73.82b 72.86b 

Biochar-green 8.34a 74.77c 72.21b 

Biochar-manure 12.78a 35.27b 33.55b 

Graphite 9.17a 92.00b 96.59c 

    

Lime 0a 0a 11.43b 

Dolomite 0.12a 0.12a 11.86b 

    

Kandosol soil 1.26a 1.52b 1.57b 
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Table 3. The apparent organic matter content of 26 substrates as measured by Loss on 

Ignition (LOI) and a comparison of the apparent %C content in the organic matter of 

those substrates using 3 analytical methods. (n.a. = not applicable) 

Substrate LOI% Walkley-

Black 

(C/LOI)% 

Heanes 

(C/LOI)% 

Leco 

(C/LOI)% 

Sucrose (42.1%C) 100.0 42.7 42.1 42.2 

Starch (44.4%C) 99.8 44.7 44.9 44.0 

Cellulose(44.4%C) 99.9 44.3 45.5 44.3 

     

Ryegrass tops 87.9 44.1 52.0 49.8 

Ryegrass roots 85.1 45.9 51.0 50.1 

Clover tops 89.1 45.6 49.4 49.3 

Clover stolons 93.0 44.0 48.1 47.8 

Clover roots 91.1 44.8 54.2 49.4 

Wheat stubble 91.2 47.6 49.5 48.4 

     

Compost 41.8 45.8 52.1 57.4 

Peat 21.3 48.4 53.1 53.3 

     

Sheep manure 82.1 50.4 58.1 53.5 

Cow manure 77.3 51.1 57.5 53.9 

     

Cypress pine 98.8 54.1 54.4 51.6 

Mountain ash 99.5 49.3 50.7 49.1 

Lemon scented gum 98.9 47.4 51.7 49.8 

     

Wheat stubble burnt 34.2 35.8 77.4 75.2 

Wood charcoal 88.6 17.6 98.3 102.0 

Acid washed charcoal 94.2 52.7 100.1 96.2 

Carbon black 81.3 43.3 90.8 89.6 

Biochar-green 95.4 8.7 78.4 75.7 

Biochar-manure 45.3 28.2 77.9 74.1 

Graphite 4.4 n.a. n.a. n.a. 

     

Lime 0.02 n.a. n.a. n.a. 

Dolomite 2.51 n.a. n.a. n.a. 

     

Kandosol soil 4.94 25.5 30.8 31.8 
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Table 4. The %OC measured by the Walkley-Black (W-B) method compared to the 

Heanes and LECO methods, expressed as a percentage. 

Substrate W-B/Heanes% W-B/LECO% 

Sucrose (42.1%C) 101 101 

Starch (44.4%C) 99 101 

Cellulose(44.4%C) 97 100 

   

Ryegrass tops 85 89 

Ryegrass roots 90 92 

Clover tops 92 93 

Clover stolons 91 92 

Clover roots 83 91 

Wheat stubble 96 98 

   

Compost 88 80 

Peat 91 91 

   

Sheep manure 87 94 

Cow manure 89 95 

   

Cypress pine 100 105 

Mountain ash 97 100 

Lemon scented gum  92 95 

   

Wheat stubble burnt 46 48 

Wood charcoal 18 17 

Acid washed charcoal 53 55 

Carbon black 48 48 

Biochar-green 11 12 

Biochar-manure 36 38 

Graphite 10 9 

   

Lime n.a. 0 

Dolomite 100 1 

   

Kandosol soil 83 80 
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Figure captions 

 

Figure 1 Relationship between Heanes vs Leco analytical methods for C. 

 

Figure 2 The %error (deviation of replicates from their mean) in Walkley-Black %OC 

measurements as a function of the mass of C in the replicate sample: A) unburnt 

substrates, B) burnt substrates. 
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