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a b s t r a c t

We investigated the effect of a single compost application at two rates (50 and 85 Mg ha�1) on carbon (C)
degradation and retention in an agricultural soil cropped with maize after 150 d.
We used both C mass balance and soil respiration data to trace the fate of compost C. Our results indi-
cated that compost C accumulated in the soil after 150 d was 4.24 Mg ha�1 and 6.82 Mg C ha�1 for 50
and 85 Mg ha�1 compost rate, respectively. Compost C was sequestered at the rate of 623 and 617 g C
kg�1 compost TOC for 50 and 85 Mg ha�1 compost dose, respectively. These results point to a linear
response between dose of application and both C degradation and retention. The amount of C sequestered
was similar to the total recalcitrant C content of compost, which was 586 g C kg�1 compost TOC, indicat-
ing that, probably, during the short experiment, the labile C pool of compost (414 g C kg�1 of compost
TOC) was completely degraded.
Soil respiration measured at different times during the crop growth cycle was stable for soils amended
with compost (CO2 flux of 0.96 ± 0.11 g CO2 m�2 h�1 and 1.07 ± 0.10 g CO2 m�2 h�1, respectively, for
50 and 85 Mg ha�1), whereas it increased in the control. The CO2 flux due to compost degradation only,
though not statistically significant, was always greatest for the highest compost doses applied
(0.22 ± 0.40 g CO2 m�2 h�1 and 0.33 ± 0.25 g CO2 m�2 h�1 for the 50 and 85 Mg ha�1 compost dose,
respectively). This seems to confirm the highest C degradation for the 85 Mg ha�1 compost dose as a con-
sequence of the presence of more labile C. Unlike other studies, the results show a slight increase in the
fraction of carbon retained with the increase in compost application rate. This could be due to the highly
stable state of the compost prior to application, although it could also be due to sampling uncertainty.
Further investigations are needed to better explain how the compost application rate affects carbon
sequestration, and how characterization into labile and recalcitrant C can predict the amount of C seques-
tered in the soil.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

With increasing CO2 emissions into the atmosphere and the
possible consequences of global climate change, there has been
growing interest in studying the contribution of sequestered car-
bon (C) in terrestrial ecosystems, i.e., the soil (Wang et al., 2004).
In fact, although CO2 is primarily produced by fossil fuel combus-
tion, land use changes have contributed significantly to atmo-
spheric CO2 increases through the conversion of forest and
grassland into agricultural land (Mosier, 1998).

The soil organic C (SOC) pool is the largest terrestrial reservoir
of C (Lal, 2001). In fact, global soil-C is estimated to be 1200–
1600 Pg and the estimated historic losses of C from agricultural
soils amount to 40–60 Pg C (Paustian et al., 1997). The same
authors argue that the above losses could represent a reference le-
vel for C sequestration potential, i.e., the restoration to the native C
level represents the potential for C sequestration. In its Second

Assessment Report, The Intergovernmental Panel on Climate
Change estimated that it may be possible to sequester 40–80 Pg
of C in cropland soils in the next 50–100 years, thereby confirming
the above mentioned data (Cole et al., 1996). Thus, as agricultural
soils are relatively C-depleted, they represent a potential CO2 sink
if lost C can be regained (Paustian et al., 1997; Vleeshouwers and
Veraghen, 2002).

Little data exist on the effects of compost use on C sequestra-
tion. Smith et al. (2005), discussing the potential of C sequestration
in Europe, underscored the lack of data on compost management
as a means of C sequestration. The fact that studies dealing with
compost use generally focus on agronomic and chemical effects
of compost on the soil rather than on C sequestration explains
the lack of available data (Gonzàles-Vila et al., 1999; Quèdraogo
et al., 2001; Leifeld et al., 2002).

The term ‘compost’ refers to any material of various origins and
with a wide range of composition that has undergone composting
(Richard and Woodbury, 1992). Compost is a humic-like material
that acts as an organic amendment because of its high organic mat-
ter (OM) content. The composting process proceeds through the
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loss of more degradable organic materials and the concentration of
less degradable materials, resulting in biomass enrichment of the
humified materials (Lhadi et al., 2006).

Organic matter degradability is a key concept in soil OM studies
and can be defined as the capacity of OM to be utilized by soil mi-
crobes as a source of energy (Rovira and Vallejo, 2002). Many
parameters and indexes have been proposed in the past to measure
OM degradability, e.g., C/N, lignin/N, and cellulose/lignin/N (Rovira
and Vallejo, 2002). OM composition with respect to macromolecu-
lar components appears to be more important than the other
parameters in determining degradability. For example, lignin, phe-
nol, and tannin contents in the OM were more important in deter-
mining soil OM decomposition than C–N ratio (Paustian et al.,
1997). The more widely used models describing the soil-C cycle
(e.g., CENTURY model; Izaurralde et al., 2001) divide soil-C and lit-
ter in different pools in relation to their degradability. As a strong
correlation exists between the chemical and biological stability of
OM, the ratio of chemical-labile versus chemical-recalcitrant com-
pounds is generally used to describe OM quality (Six et al., 2002;
Mikutta et al., 2006). Rovira and Vallejo (2002) described plant res-
idue degradability in the soil by dividing the OM into a labile and a
recalcitrant pool, depending on the solubility of the OM in strong
acids. These authors determined that the recalcitrant fraction
content ranged from 250 to 650 g kg�1 OM in this order: Medi-
cago < Quercus < Eucalyptus < Pinus. Adani et al. (1995) divided the
labile and recalcitrant OM fractions of compost by using a proce-
dure similar to Klason lignin isolation. The partition of compost
OM chemically into recalcitrant and labile pools has been shown
to correspond to carbon retained and degraded after soil incuba-
tion (Rovira and Vallejo, 2002; Adani and Ricca, 2004).

The total amount of C stored in the soil results from the net bal-
ance between input and output. Complete mass balance (C bal-
ance), before and after soil amendment, enables the tracing of
sequestered C (Lal, 2007). The soil-C pool comprises of two compo-
nents: soil organic C (SOC) and soil inorganic carbon (SIC). The
term ‘soil-C sequestration’ implies the transfer of CO2 into the soil
pool through, for example, humification of added biomass (Lal,
2007). Current research on C sequestration considers the total
SOC change. On the other hand, other authors divide SOC into
labile and recalcitrant pools by using acid hydrolysis. 14C radiocar-
bon studies indicated that hydrolyzable C contains younger C than
the corresponding non-hydrolyzable C (Leavitt et al., 1996). Recal-
citrant C was reported to contain, besides humic substances, resis-
tant compounds such as lignin, suberin, fat, cutin, and resins.

An alternative to monitoring the disappearance or sequestra-
tion of C in the soil is the measurement of the rate at which CO2

is produced during amendment decomposition (Rochette et al.,
1999). This approach enables the measurement of instantaneous
decomposition rates and provides information on the same time
scale as do changes in variables that modulate decomposition of
residues in the soil (e.g., soil temperature, moisture, and C avail-
ability; Rochette et al., 1999).

2. Materials and methods

2.1. Compost preparation and analysis

The compost used in the experiment was produced in a facility
located in northern Italy. It was prepared by using a mixture of
food residues and ligno-cellulosic wastes in a 3:2 v/v ratio. This
mixture was co-composted in an aerated pile and turned every
4–5 d for 30 d. During the composting process, the pile was
watered regularly to maintain water content in the range of 500–
600 g kg�1. After this period, compost was left to cure for two
months. At the end of the curing phase, compost was ground to a
size that can pass through a 10-mm mesh and stored for future

use. Wet samples were used for moisture, pH, and salinity determi-
nations (US Composting Council, 1997). For the other analyses, a
representative sample was dried at 45 �C and then to 105 �C, and
ground to 0.5-mm mesh size. Organic C was determined by the
dichromate-oxidation method (Ciavatta et al., 1989). Nitrogen (N)
content was determined by the Kjeldahl digestion method (Jones
et al., 1991).

Organic matter fractionation of compost was carried out as pre-
viously reported (Adani et al., 1995), obtaining four fractions: frac-
tion I – soluble in benzene/ethanol mixture (2:1 v/v) and 16.87 mol
l�1 ethanol (soluble lipids, waxes, soluble tannins, proteins, and
fulvic acids); fraction II – soluble in hot 0.94 mol l�1 H2SO4 under
reflux for 2 h (hemicellulose, proteins, and fulvic acids); fraction
III – soluble in 13.50 mol l�1 H2SO4 at 4 �C for 24 h (cellulose);
and fraction IV – insoluble in any solvent (ligno-humic complex).
The sum of fractions I, II, and III, represented the OM labile pool
and fraction IV represented the OM recalcitrant pool.

Humic acid (HA), core-HA (core-HA), and fulvic acid (FA) extrac-
tions were performed as previously reported (Adani et al., 1995).
HA was directly extracted from compost, whereas core-HA was ex-
tracted from compost previously purified as described above (see
OM fractionation).

In brief, 2 g of dried compost was extracted with NaOH plus
Na4P2O7 solution, at 65�C. The sample was then cooled to room
temperature and centrifuged. The extraction was repeated by add-
ing distilled water until the supernatant was completely clear. The
supernatant solution (alkaline extract) was filtered through a 0.45-
lm Millipore filter, acidified to below pH 1.5, and centrifuged. The
insoluble fractions (HA or core-HA) were washed with distilled
water to a neutral pH. The ash content of all extracted fractions
was less than 1%. The residual alkali-soluble/acid-soluble fraction
was purified by chromatography using a polyvinylpirrolidone col-
umn, obtaining two fractions: fulvic acid (FA) and non-humified
material.

Compost, labile pool, recalcitrant pool, and the HA, FA, and core-
HA extracted from compost were quantified by organic C determi-
nations by dichromate oxidation (Ciavatta et al., 1989), obtaining:
total organic C (TOC), labile carbon pool (CI+II+III), recalcitrant car-
bon pool (CIV), humic acid carbon (HAC), core-HA carbon (core-
HAC), and fulvic acid carbon (FAC).

The OM evolution index (OMEI) was represented by the core-
HAC-HAC ratio and was used to evaluate humified OM stability.
The OMEI ranges from 0 to 1, with 1 indicating the upper limit of
the maximum stability of HA (Adani et al., 1997).

The biological stability of compost, expressed as the oxygen up-
take rate of microorganisms degrading the compost-OM (OUR =
mg O2 kg OM�1 h�1), was determined using the dynamic respiro-
metric method reported by Adani et al. (2004), which has an uncer-
tainty of roughly 5–10%. Analysis was performed one time on a
representative sample of 13 kg.

2.2. Field experiment design

The soil was silty-clay (Fluvic-eutric Cambisol, FAO, 1988) lo-
cated near Milan (45� 350 N, 9� 160 E, elevation 162 asl), northern
Italy (Table 1). It was regularly cultivated with maize.

Investigations were carried out during one crop season (May–
October) on 6 � 4-m soil plots. Three different treatments were
considered: soil without compost amendment (control), soil
amended with 50 Mg ha�1 of mature compost, and soil amended
with 85 Mg ha�1 of mature compost. Two replicates per treatment
were randomly established in a complete random block design.
The experiment started in May and ended in October 2005. Maize
(Zea mays L. cv. ‘‘Lolita” – hybrid F1) was cropped on the soil. On
May 11th, soil was plowed; on May 16th compost was distributed.
Plots were amended by uniformly applying 50 Mg ha�1 (agronomic
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dose) and 85 Mg ha�1 (enrichment dose) mature compost over the
plots (on wet-weight basis). The soil was then fine-tilled, mixing
compost in the first 20 cm, and prepared for sowing. On May
24th, maize was sown; spacing between rows was 0.70 m with
approximately 0.22 m within rows (eight plants m�2). Then, on
June 20th and 26th, N fertilization was done by applying 175 and
217 kg ha�1 of urea, respectively. No P and K fertilization was nec-
essary. Maize was harvested on October 10th.

Total rainfall during the experimental period was 160 mm from
May to July and 144 mm from August to October. Soil plots were
irrigated when necessary. Mean temperature was 21.7 �C.

2.3. Soil sampling and analysis

Before sowing (on May 24th; time = 0 d: t0) and after the maize
harvest (on October 19th) (time = 150 d: t150), six soil core samples
20 cm in diameter and comprising the top 20 cm were randomly
taken from each plot. To make a composite sample, soil cores of
approximately 300–400 g were mixed and successively sampled
to obtain one analytical sample plot. Samples were then air-dried,
sieved to 2 mm, ground to 0.5 mm, mixed, and then stored. Soil pH
was determined in aqueous solution using a 1:2.5 soil–water ratio,
total N determined by the Kjeldahl method, organic C determined
by dichromate oxidation, cation exchange capacity determined by
saturating the soil with BaCl2, and texture determined by the pip-
ette method (ASA, SSSA, 1982). Soil bulk density was determined
as reported in the MPAF Methods (1997). All analyses were made
in triplicate.

2.4. Open-field CO2 flux measurements

CO2 measurements were made by using a CO2 analyzer (COMBI-
CO2, COSTHEC, Milan, Italy). The CO2-measuring apparatus con-
sisted of a steel funnel (5-l volume) (COSTECH, Milan, Italy), two
thermometric probes (Pt 100, Instrumentation Laboratory, Milano,
Italy), a CO2 glass electrode (Instrumentation Laboratory, Milano,
Italy), and a data logger (COSTECH, Milan, Italy). The steel funnel
functioned as the measurement chamber. The funnel was posi-
tioned on the soil with the border at a soil depth of 5 cm. CO2 from
the soil accumulated in the chamber, allowing CO2 concentration
(v/v) to be measured every 60 s for a period no longer than
60 min (generally 30–40 min) by the electrode at the top of the
funnel. The first 5 min were discharged. The measurement time al-
lowed the cumulative CO2 curve to remain linear, indicative of a
correct measurement (Naganawa and Kyuma, 1991). With in-
creased measurement times, linearity was lost (data not shown),
presumably due to the negative effects of CO2 accumulation on soil
respiration (Naganawa and Kyuma, 1991). The CO2 results were

expressed as g CO2 m�2 h�1, taking into consideration the duration
of the measurement (h), the area of the funnel (0.0434 m2), and the
slope of the CO2 curve during the measurement.

During each CO2 measurement, both moisture content and tem-
perature (T) were determined. Air temperature was measured at a
height of 0.5 m, while soil temperature was measured at a 10-cm
depth. Soil moisture content in the top 2–20-cm layer was mea-
sured by collecting a representative soil thesis after each CO2

measurement.
CO2 measurements were made for all six soil plots on the same

day between 11 am and 1 pm on May 30th, June 23rd, July 14th,
July 28th, August 21st and October 1st. The first measurement
was made after compost amendment and maize sowing; the last
measurement corresponded to the time of plant senescence.

2.5. Statistical method

The results were analyzed by ANOVA, considering the treat-
ments as independent variables. Values of the means were sepa-
rated by Tukey’s test, considering a significance level of P < 0.05.

3. Results and discussion

3.1. Compost characteristics

The compost used in this experiment exhibited an alkaline pH, a
medium TOC, and a low C/N (Table 2). Compost OM showed a high
degree of humification as the sum of HAC and FAC accounted for
510 g kg�1 of the TOC (Table 2). These data suggested that the com-
post had a high degree of evolution, which was confirmed by the
OUR, the recalcitrant fraction content, and OMEI. An OUR of
359 mg O2 kg OM�1 h�1 (Table 2) is indicative of a well-stabilized
compost, whereas an OUR of 500 mg O2 kg OM�1 h�1 and 1000 mg
O2 kg OM�1 h�1 is indicative of the upper limits defining high and
medium biological compost stability, respectively (Adani et al.,
2004). The OM fractionation indicated that the compost-OM con-
tained 520 g kg�1 OM of labile OM (lipid, cellulose, hemicelluloses,
and protein) and 480 g kg�1 OM of recalcitrant OM (non-hydrolyz-
able OM, i.e., ligno-humic complex; Adani et al., 1995). These latter
data were very high, considering that Rovira and Vallejo (2002) re-
ported a Klason lignin content for Medicago, Eucalyptus, Quercus,
and Pinus of 173, 212, 302, and 316 g kg�1 OM, respectively (Klason
lignin was obtained by a method similar to that used in this work
to obtain the recalcitrant fraction).

Table 1
Chemical and physical characteristics of the soil used in the experiment

Parameter Value

pH (H2O; �log[H+]) 6.69 ± 0.13
Sand (g kg�1 dma ) 461.5 ± 2.4
Silt (g kg�1 dm) 446.8 ± 3.7
Clay (g kg�1 dm) 91.7 ± 1.4
C org. (g kg�1 dm) 18.75 ± 0.6
N-Kjeldahl (g kg�1 dm) 1.86 ± 0.13
C/N (dimensionless) 10.08
P2O5 olsen (mg kg�1) 106.9 ± 16.9
Exchangeable-K (mg kg�1 dm) 248 ±14
CEC (cmol+kg�1dm) 12.1 ± 0.2
Bulk density (g cm�3) 1.54 ± 0.11
Soil depth (cm) 20
Soil weight (depth 20 cm; Mg) 3080

a dm: dry matter.

Table 2
Characteristics of the composts used in the experiment

Parameters Value Organic matter fractions

pH (1:5; �log[H+]) 8.80 ± 0.35
EC (dS cm�1) 0.27 ± 0.38 Fraction I

ðg kg�1OMcompÞa
33.1 ± 5.3

Moisture content (g
kg�1dm)

346.1 ± 0.1 Fraction II
ðg kg�1OMcompÞa

319.5 ± 39.0

TOC (g kg�1 dm) 198.9 ± 17.1 Fraction III
ðg kg�1OMcompÞa

167.5 ± 16.9

N-Kjeldhal (g kg�1 dm) 13.4 ± 1.3 Fraction IV
ðg kg�1OMcompÞa

479.9 ± 23.6

CIþIIþIII
b ðgkg�1OMlabÞa 438 ± 23

CIV
b ðg kg�1OMrecÞa 619 ± 17

CHA (g kg�1dm) 87.1 ± 26.7
CFA (g kg�1dm) 14.8 ± 2.1 OMEIc (dimensionless) 0.70
C/N dimensionless 14.8 OURd (mg O2 kg

OM�1h�1)
359

a OMcomp = compost OM; OMlab = labile OM; OMrec = recalcitrant OM.
b C contents of the labile and recalcitrant fractions.
c Organic matter evolution index (see text).
d Oxygen uptake rate (see text).
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The HA fraction possessed high chemical stability, as suggested
by an OMEI of 0.7 (Table 2), close to the maximum value of 1 (scale
of 0–1 for chemical stability; Adani et al., 1997).

3.2. Soil carbon

The C content of the control remained constant during the trial
(difference was not statistically significant). This fact suggested
that net C production of the maize plants during the growing sea-
son (e.g., roots, exudates, etc.) was equal to C mineralization, a fact
previously reported for arable soil (Larionaova et al., 1998). The
treatments amended with compost contained a higher C content
than the control at both beginning and end of the experiment
(Table 3). We thus concluded that compost addition affected soil-
C content and that the C increase depending on the amount of
compost added, confirming previous findings (Giusquiani et al.,
1995; Izaurralde et al., 2001).

Taking into consideration the starting (t0) and final (t150) soil-C
contents for both amended treatments (Table 3), it can be calcu-
lated that C content decreased by 1.04 g kg�1of soil (i.e., 20.12–
19.08 g C kg�1 of soil (Table 3)) and 1.76 g kg�1 of soil (i.e.,
22.17–20.41 g kg�1 of soil (Table 3)) for soil amended with
50 Mg ha�1 and 85 Mg ha�1, respectively. On the other hand, the
C added to the soils with compost, calculated from the amount
and TOC content of compost and compost doses, were 2.72 g C
kg�1soil and of 4.64 g C kg�1soil, respectively, for the lowest and
highest compost dose. Thus, considering that no C content varia-
tion occurred in the control soil and that no differences in crop
yields occurred in the different treatments at the end of the exper-
iment (Tambone et al., 2007), it could be calculated that, for com-
post doses 50 and 85 Mg ha�1, 369 g C kg�1 (40%), and 520 g C kg�1

(53%) of the carbon added was retained.
Relative C degradations (g C kg�1 compost-TOC) for both treat-

ments were not much different from the relative content of labile C
in compost, which was 414 g C kg�1 TOC, calculated by using data
on relative C contents of the labile and recalcitrant fractions (g kg�1

OMlab or OMrec) and the relative fraction contents of compost (g
kg�1OMcomp; Table 2). Therefore, these results suggest that, after
150 d of compost application, the labile fraction was completely
degraded and the recalcitrant fraction had not been degraded.
The non-hydrolyzable OM (biochemically protected OM), i.e., the
recalcitrant fraction was previously shown to be the fraction that
contributes to the stable OM of soil (Rovira and Vallejo, 2002; Mi-
kutta et al., 2006).

These data point to a slight increase in the fraction of C retained
with compost dose. This is in contrast with literature data that
showed constant or decreasing percentage of C accumulation with
increasing dose of OM application (Körschens and Müller, 1996;
Smith et al., 2000). One possible explanation is that the compost

used in this experiment was highly stable with a recalcitrant frac-
tion over 50%, and other experiments might have used more
degradable compost. Since little differences in the evaluation of
soil-C content may result in high differences when considering
soil-C sequestration, the consideration reported above needs fur-
ther confirmation and research. Indications of this are provided
by the fact that measured soil-C in amended soil at t0 was different
from the expected soil-C contents calculated basing on C content of
control and the total C added to the soil with compost above all for
compost dose of 50 Mg ha�1 (Table 3).

3.3. Soil carbon dioxide fluxes

The measurement of CO2 fluxes in the soil is the most direct
method of measuring microbial activity under aerobic condition
(ASA, SSSA, 1982). Respiration has also successfully been used in
the past to describe C mineralization and C stabilization after the
addition of organic materials into the soil (ASA, SSSA, 1982). There-
fore, our data on CO2 fluxes obtained from this work can be used to
further investigate the fate of compost C in the soil.

Table 3
Soil characteristics at the beginning and at the end of the experiment

Control Compost dose of 50 Mg ha�1 Compost dose of 85 Mg ha�1

t0 t150 t0
a t150 t0

a t150

pH 7.29 ± 0.01 b ac 7.50 ± 0.13a 7.51 ± 0.22ab 7.51 ± 0.15a 7.67 ± 0.25 b 7.75 ± 0.01b
C (g kg�1 dmd ) 18.36 ± 0.03a 18.43 ± 0.45a 20.12 ±0.61c (21.08)e 19.08 ± 0.40b 22.17 ± 0.11d (23)e 20.41 ± 0.00c
N-Kjeldahl (g kg�1 dm) 1.93 ± 0.02a 1.91 ± 0.01a 1.98 ± 0.02a 2.09 ± 0.03ab 2.23 ± 0.21b 2.10 ± 0.10b
C/N 9.51 9.85 10.16 9.13 9.94 9.72
CEC (cmol+ kg�1 dm) 11.97 ± 0.00a 11.79 ± 0.92a 11.45 ± 1.01a 12.36 ± 1.14a 14.01 ± 0.27b 14.36 ± 0.37b

a Parameters determined after compost addition.
b Mean and standard deviation calculated from data obtained from two plots.
c Means followed in the same line by the same letter are not statistically different (P < 0.05) according to Tukey’s test.
d Dry matter.
e Theoretical soil-C content at time t0 calculated as the sum of soil-C in the control at time t0 and the total C added with the compost doses: 2.72 g C kg�1 of soil for dose

50 Mg ha�1 and 4.64 Mg ha�1 for the dose 85 Mg ha�1.

Table 4
CO2-fluxes measured during the experiment for control and soils amended with
50 Mg ha�1 and 85 Mg ha�1.

Sampling date Mean

Control plots (g CO2 m�2 h�1)
30/05/2005 0.39 ± 0.03a aAb

23/06/2005 0.62 ± 0.22bA
14/07/2005 0.60 ± 0.09bA
28/07/2005 0.82 ± 0.12cA
21/08/2005 0.76 ± 0.1BcA
01/09/2005 1.23 ± 0.41dA

Plots amended with compost (dose 50 Mg ha �1) (g CO2 m�2 h�1)
30/05/2005 0.92 ± 0.02a aBb

23/06/2005 0.86 ± 0.13aB
14/07/2005 0.87 ± 0.12aB
28/07/2005 0.99 ± 0.11 bA
21/08/2005 0.90 ± 0.07aB
01/09/2005 1.19 ± 0.04bA

Plots amended with compost (dose 85 Mg ha �1) (g CO2 m�2 h�1)
30/05/2005 1.08 ± 0.1a aBb

23/06/2005 1 ± 0.11aB
14/07/2005 0.93 ± 0.19aB
28/07/2005 1.19 ± 0.01aB
21/08/2005 1.03 ± 0.18aB
01/09/2005 1.2 ± 0.2BA

a Mean and standard deviation calculated form data obtained from two plots per
treatments.

b Means followed by the same letter for the same treatment are not statistically
different (P < 0.05) according to Tukey’s test, within the same column (different
date; small letter) and between different treatment for each sampling date (mean
value for each treatment; capital letter).
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Within each plot and between treatments, CO2 fluxes were
found to be highly homogeneous (Table 4). Average values showed
that CO2 fluxes in the control were generally lower than those in
the amended treatments. The treatment amended with 85 Mg ha�1

of compost always exhibited higher CO2 flux values than that
amended with 50 Mg ha�1 of compost, although no statistical dif-
ferences were evident. Rochette et al. (1999), studying soil cropped
with maize, found CO2 flux ranges between 0.15 and 1.06 g CO2

m�2 h�1.
Soil treated with compost showed a relatively constant respira-

tion rate throughout the experiment: CO2 flux of 0.96 ± 0.11 g CO2

m�2 h�1 and CO2 flux of 1.07 ± 0.10 g CO2 m�2 h�1 for 50 Mg ha�1,
and 85 Mg ha�1, respectively. In contrast, respiration rate in-
creased during the experiment in the control (CO2 flux of
0.39 ± 0.03 g CO2 m�2 h�1on May 30th, 2005 and of 1.23 ± 0.41 g
CO2 m�2 h�1 on September 1st, 2005) (Fig. 1a). It appears that, dur-
ing the growing season, respiration rates in the control plots in-
creased due to the increase of root respiration and related
processes (e.g., respiration of root exudates). The CO2 flux mea-
sured in the control can be assumed as basal soil respiration (root
plus microbial respiration) as no differences in plant yield were
noted (Tambone et al., 2007). This CO2 flux accounted, on average,
for 71–80% of the total CO2 flux from the amended soil.

The CO2 flux due to compost degradation, calculated by sub-
tracting CO2 flux respiration of the control from those of the
amended soils (Fig. 1b), indicated that the treatment using the
highest compost dose always had a higher CO2 flux than the
treatment with the lowest compost dose, although differences
were not statistically significant. On average, the compost dose of

50 Mg ha�1showed a CO2 flux 67% lower than that of 85 Mg ha�1,
probably reflecting the lower total labile C in the soil (�59%). The
uncertainty associated with these results indicates that it is more
difficult to draw conclusions from soil CO2 flux data than from soil
carbon data.

4. Conclusion

Compost use represents an interesting opportunity to sequester
C in the soil, especially in the light of increasing interest on agricul-
tural compost use. As compost represents ‘‘predigested” OM, the
high content of recalcitrant-OM allows for high soil-C accumula-
tion levels after a short-time experiment. In this study, both the
amount of carbon retained and degraded increased with compost
dose. The fraction of the carbon added that was retained appeared
to increase slightly with the increased compost dose.

Further investigations are needed to better elucidate on how
compost characterization in labile and recalcitrant C fractions can
predict the C sequestered in the soil in short- and long-term
experiments.
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Fig. 1. Soil respiration measured during the experiment for (a) the different trea-
tments and control, and (b) the treatments minus the control.
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