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Introduction

Biochars have been traditionally used as soil
amendments because of their potential benefits
to soils (1;2). More recently, their chemically
stable structure and slow degradation rate has
attracted the interest as a potential C sink (3).
Despite the potential benefits associated to the
agricultural use of biochar, a there is only
limited amount of information regarding the use
of this material as bulking agent for composting,
and on its effect on organic matter stabilisation
and humification during the process (4). The
aim of this study was to evaluate the use of
biochar a bulking agent for poultry manure
composting.

Three composting piles were prepared by
mixing poultry manure with biochar in a
proportion of 1:1 (fresh weight). Biochar was
obtained by slow pyrolysis of wood of
Eucalyptus grandis in a kiln operating at
atmospheric pressure and a temperature range
varying from 300 - 450°C. One representative
sample was collected at 0, 30, 60, 120, and 210
days of composting by piles six subsamples
taken from different locations in the pile.

The total extractable C (CEX) was measured
on a 1:20 (w:v) 0.1 M NaOH extract and fulvic
acid C (FAC) was determined after precipitation
of the humic-like acids at pH 2.0 (5); the humic
acid carbon (HAC) was calculated by
subtracting the fulvic acid carbon (FAC) from
the extracted carbon (CEX). The following
humification parameters were then calculated
(5): humification ratio (HR) = (CEX/TOC) x 100;
humification index (HI) = (HAC/ TOC) x 100;
percentage of humic acids
(PHA) = (HAC/EXC) X 100; and degree of
polymerisation (DP) = HAC/FAC.
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Data were subjected to univariate ANOVA
and treatment means were compared using the
Tukey test at P < 0.05, using the SPSS version
15.0 statistical package for Windows.

Results and Discussions

The evolution of the concentrations of the
total extractable C (CEX), humic acid C (HAC)
and fulvic acid C (FAC) during the composting
process is shown in Table 1. The concentration
of HAC increased significantly during the
composting process for the PMB mixture from
8.1 g kg in the initial phase of process up to
21.3 g kg in the mature compost. The FAC
content was reduced during the initial phase of
composting, probably due to the microbial
degradation of soluble compounds, and
remained almost unchanged until the end of the
process. In the PMB mixture, the increasing
trend in the amount of CEX was due to the
increase in the concentration of HAC, reflecting
the degree of humification and maturity
achieved by the mature compost (6).

Table 1. Humification indexes for during composting
process.

Composting CEX FAC  HAC DP HR HI PHA
time (days)

0 31a 150a 81b 054d  540c 189d 35.16d
30 165b 41b  124b 301c  564bc 423c T7497c
60 125¢ 26c  10c  387bc  517c  411c  7938be
120 166b 27¢  139b 520b  744b 624b 8374b
210 27a 13d 213a 887a 1047a 985a 9408a
CEX: Extracted Carbon; FAC: Fulvic acid

carbon; HAC: Humic acid carbon; DP: Degree
of polymerization; HR: Humification ratio; HI:
Humification index; PHA: Percentage of humic
acids. Columns sharing the same letters do not
differ significantly according to mean separation
by Tukey tests at probability level P < 0.05.
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Changes in the concentration of the alkali
extracted fractions usually depend on the origin
and chemical composition of the composted
material, which may limit the validity of these

fractions as indicators for comparing the
maturation in different composting matrices.
The HR index increased during the

composting, as a consequence of the increase
in the proportion of alkali soluble carbon,
reflecting the intense humification underwent by
the organic matter. This increase was more
intense at the end of composting, during the
maturation phase. The increase of PHA and
DP in mixtures PMB reflected the large
increase of the HAC fraction. The use of
biochar as bulking agents has favored the
synthesis of more condensed molecules (HAC),
rather than the fulvic acid molecules (FAC). The
HAC fraction represented 94% of CEX. The
high PHA may be related to the chemical
composition of biochar, which is composed of a
high proportion of condensed aromatic
structures (7). The small size aromatic cluster
formed during the degradation of biochar may
have been incorporated into the structure of the
humic acids.

The use of the biochar as bulking agents in
the composting piles promoted an increase in
the HAC fraction and in the humification indices
(Table 2). The increase in humification index for
PMB may be related to water-soluble
carbohydrates and phenols in the humic
structure, since these substances are
precursors of humification processes (8). There
was a highly significant correlation between the
carbohydrate fraction and the HAC/CEX

Table 2. Correlation between water-soluble
carbohydrates and phenols and different
humification indices during composting time.

HAC/TOC ~ HAC/CEX HAC/FAC

Carbohydrates NS -0.930** NS
Phenols -0.732* -0.974** NS

NS — not significant; **,* - significant at a

probability level of P < 0.01 and P < 0.05

respectively.

There was a highly significant correlation
between the carbohydrate fraction and the
HAC/EXC index in PMB, in the case another
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important contribution to the humification
pathways may be related to its chemical
composition. There was a significant increase
of the HAC fraction during the process,
because of the incorporation of aromatic
fractions into the humic structures (9). During
the formation of the biochar, lignin is broken
into its building blocks, generating free radicals
that regroup and reorganize, into highly
aromatic final products (7).

Conclusion

The chemical nature of the organic matter of
the poultry manure-biochar mixture is
characterised by an enrichment of humic acids
in relation to the fulvic acid fraction and by the
presence of humic-like substances with the
highest degree of polymerisation.
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