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Abstract 

Particularly in tropical low-input systems, manure plays an important role in soil fertility management, 
where effective use of nutrient sources is crucial to maintaining productivity. It is important to be able to 
understand and predict the complex mineralisation behaviour of manure in soil. In this study we 
developed an improved method to?characterise manure, focusing on the composition of carbohydrate 
pools, including soluble, fibre, and lignin.?A selection of laboratory analyses was used to determine the 
carbon to nitrogen ratios of carbohydrate pools for a range of temperate and tropical manures. The 
method was generally able to characterise the carbohydrate pools in manure samples and their carbon to 
nitrogen ratios; however calculating the NFC fraction by difference sometimes led to negative values and 
thus direct measurement of the non-fibre (soluble) carbohydrate components may be preferable. The 
generally greater C:N ratios for the fibre fraction compared to the lignin fraction support the hypothesis 
that overall C:N ratio is not a good indicator of manure quality. 
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Introduction 

Simulation models for nitrogen transformation of organic matter through decomposition have been around 
for nearly 50 years (Probert and Dimes 2004; Morvan and Nicolardot 2009). These models are very 
dependent on the initial parameters values, which may be unrealistic due to the estimation of stocks or 
rate constants (Sleutel et al. 2005).  

The Agricultural Production Systems Simulation Model (APSIM) has a three pool organic matter model 
(Probert and Dimes 2004). APSIM SoilN which simulates nitrogen and carbon dynamics was primarily 
designed to be a plant residue based model, and is less successful in simulating the additional complex 
patterns of N release of manure (Probert and Dimes 2004). APSIM SoilN is based on three carbohydrate 
pools (lignin, fibre, soluble) each of which is assumed to have the same C:N ratio (Probert et al. 2005). 
Probert et al. (2005) argued that by assuming all pools have the same C:N ratio, the model fails to 
adequately represent the behaviours of N release of organic materials. Thus, they modified the APSIM 
SoilN model to allow specification of the C:N ratio of each carbohydrate pool. Probert et al. (2005) 
reported that with this modification APSIM was able to better simulate patterns of N mineralisation and 
immobilisation observed in the laboratory incubation studies of Delve et al. (2001). However, the analysis 
methods used by Probert et al. (2005) to specify each carbohydrate fraction were basic, and not well 
detailed in the paper. The aim of this study was to develop improved laboratory methods for 
characterising the composition of manure carbohydrate pools for use in simulation modelling.  

Methods 

Laboratory methods 

Twenty four samples of manure were obtained from temperate Tasmania (12 samples) and tropical 
Queensland (12 samples). Samples varied in terms of climate, diet, season, livestock type, and farm. 
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Samples were dried in a fan forced oven at 60
o
 C until a constant weight was achieved, ground to pass 

through a 0.5-mm screen, and stored in air-tight containers. The basic analyses included dry matter, total 
ash, fat, total nitrogen, total carbon, neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid 
detergent lignin (ADL). Dry matter was determined at 105?C and total ash analysis was done using a 
muffle furnace at 600?C. Fat analysis was performed using soxhlet extraction equipment. Fibre and lignin 
analysis was performed using the sequential method described by Van Soest et al. (1991), using the 
ANKOM (Macedon, NY) fiber analyser with filter bags, including extraction with 72% sulphuric acid to 
determine ADL (Reeves and Kessel 2002). Total N and total C were analysed using a 2400 Series II 
CHNS/O elemental analyser (Perkin Elmer, USA). 

Fractionation of carbohydrate pools 

Definition of the carbohydrate pools was similar to Probert et al. (2005), with the exception being 
changing the name of the soluble pool to the ‘soluble and non-fibre carbohydrate pool’ (NFC). A summary 
of the methods used to fractionate samples is shown in Table 1. The lignin pool is composed solely of 
lignin, as determined by the lignin analysis. The fibre pool consists mainly of cellulose and hemicellulose, 
and was calculated by subtracting lignin from NDF. Neutral detergent fibre insoluble protein (NDFIP) is 
protein bound in the NDF fraction. It was calculated by performing an N analysis on the residue left from 
the NDF analysis. The non-fibre carbohydrate fraction was calculated by difference (Van Soest, 1994). 
The calculation involved assuming a total DM of 100%, subtracting fat, ash, crude protein (CP), NDF, and 
adding NDFIP.  

Table 1. Analyses and calculations used to specify manure carbohydrate pools. 

Component Analysis or calculation 

Fat Soxhlet analysis 

Ash Total Ash analysis 

Crude Protein (CP) (Total N)*6.25 

Lignin fraction Sulphuric acid method 

Fibre fraction (NDF)-(lignin) 

NDF insoluble protein (NDFIP) (NDF N)*6.25 

Soluble and non-fibre carbohydrate fraction 100-(CP)-(NDF)-(Fat)-(Ash)+(NDFIP) 

Calculation of C:N ratios of carbohydrate pools 

Carbon to nitrogen ratios of the carbohydrate pools were determined by analysing the carbon and 
nitrogen contents of the total manure sample, the NDF residue, and the lignin residue. The method 
results in specified C:N ratios for each carbohydrate faction. A summary of the methods used to specify 
C:N ratios is contained in Table 2. 

Table 2. Analyses and calculations used to specify the C:N ratios of manure carbohydrate pools. 



Component Analysis or calculation 

Total C Elemental analyzer 

Total N Elemental analyzer 

Total C:N (Total C)/(Total N) 

NDF C Elemental analyzer 

NDF N Elemental analyzer 

NDF C:N (NDF C)/(NDF N) 

Lignin C Elemental analyzer 

Lignin N Elemental analyzer 

Lignin C:N (Lignin C)/(Lignin N) 

Fibre C (NDF C)-(Lignin C) 

Fibre N (NDF N)-(Lignin N) 

Fibre C:N (Fibre C)/(Fibre N) 

SNFC C (Total C)-(NDF C) 

SNFC N (Total N)-(NDF N) 

SNFC C:N (NFC C)/(NFC N) 

Results 

The chemical compositions of manure samples 

Selected results for the chemical compositions of manure samples from Queensland and Tasmania are 
presented in Figure 1. Due to a malfunction of the elemental analyser, at the time of writing complete data 
sets were available for 14 of the 24 manure samples. Most manure samples had high lignin, fibre, and 
ash fractions, with small concentrations of fat, non-fibre CP, and NFC.  

Four samples had negative results for soluble CP (Figure 1). This result cannot be true, and occurred 
because the NDF CP was calculated to be greater than the total CP, a result which could have been 



obtained due to small errors in the CP or NDF analyses. Three samples (T2, T11, and T12) had negative 
results for non structural carbohydrates (Figure 1), a result which cannot be true. This result occurred 
because NSC is calculated by difference and the sum of all other components totalled more than 100%. 
This was likely due to the compounding of small errors in the analyses. 

 

Figure 1. The chemical composition of selected manure samples from Queensland (Q) and 
Tasmania (T). Non-fibre CP is equal to total CP minus NDFIP. 

C:N ratios were generally quite variable, as would be expected due to the diverse range of samples. For 
the Queensland samples the fibre C:N ratios were generally similar to the total and lignin C:N ratios; 
whereas for the Tasmanian samples the fibre C:N ratios were generally greater. The total C:N ratios were 
generally greater for Queensland samples than for Tasmanian samples. For Queensland and Tasmanian 
samples the fibre C:N ratios were generally greater than the total C:N ratios, and the lignin C:N ratios 
were generally lower. Lignin decomposes more slowly than fibre and if the C:N ratio was the major factor 
determining decomposition rate, then lignin would have a higher C:N ratio than fibre. However, this is not 
the case, highlighting that factors other than C:N ratio determine decomposition rates. This supports the 
hypothesis of Probert et al. (2005) that total C:N is not a good indicator of decomposition patterns; instead 
it is important to know the form of the nitrogen, and hence specification of the C:N ratios of the 
carbohydrate fractions. 



 

Figure 2. Total, fibre, and lignin C:N ratios of selected manure samples from Queensland (Q) and 
Tasmania (T). 

Conclusion 

The combination of laboratory methods was generally able to characterise the carbohydrate pools in 
manure samples and their carbon to nitrogen ratios. Calculating the NFC fraction by difference is a 
standard method of calculating NFC for feed analyses (CNCPS); however it is potentially a problematic 
method for manure. Because NFC is often only a small component of the manure it may lead to large 
errors. This is unlikely to make a large difference in estimating the total nutrient supply of the manure, but 
will likely change the dynamics of nitrogen release in relation to mineralisation and immobilisation. Future 
improvement of these analysis methods may include direct estimation of non-fibre carbohydrate 
components such as sugar and starch fractions. In addition the data support the conclusions of Probert et 
al. (2005) that C:N ratios of carbohydrate fractions are better indicators of manure quality than total C:N. 
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