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1. Introduction

Agroecosystem management can affect soil quality in the long-
term by modifying soil physical, chemical and biological char-
acteristics at a rate that is largely dependent on climate conditions
and farming practice. According to one of the most widely accepted
definitions, soil quality is ‘‘the capacity of a soil to function within
ecosystem boundaries to sustain biological productivity, maintain
environmental quality and promote plant and animal health’’
(Doran and Parkin, 1994). Soil quality cannot be measured directly
but can be assessed through the measurements of changes of some
of its attributes which are considered as indicators. On this basis, in
the last decade, a number of studies aimed at detecting changes in
soil quality and fertility by using selected soil parameters have
been carried out (Schloter et al., 2005; Happerly et al., 2006;

Melero et al., 2006; Mueller et al., 2006; Porter et al., 2006; Van
Diepeningen et al., 2006).

Biodynamic and organic farming can improve soil quality in the
long-term through their approach to the agroecosystem manage-
ment based on crop rotation complexity, use of green manure and
cover crops, crop residue recycling and application of organic
fertilisers and amendments (Reganold et al., 1993; Drinkwater
et al., 1998; Mäder et al., 2003; Sayre, 2005; Happerly et al., 2006;
Schrader et al., 2006).

Soil quality in conventionally and organically managed
systems may be evaluated utilising chemical, biochemical and
biological parameters (Park and Seaton, 1996). In particular, since
organic carbon (C) and C cycle determine soil functioning,
biological, chemical and biochemical parameters linked to soil
C cycle (i.e. humic C content, microbial C biomass, carbon
mineralisation) have often been used for soil quality evaluation
(Herrick and Wander, 1997; Fliebach and Mäder, 2000; Schloter
et al., 2005). Within the soil biota, arbuscular mycorrhizal fungi
(AMF) are fundamental organisms for soil fertility and plant
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A B S T R A C T

Soil quality in Mediterranean conventional and organic stockless arable systems was assessed by a

multidisciplinary approach. At the end of the first cycle of a 5-year crop rotation (2002–2006) in the

Mediterranean Arable Systems Comparison Trial (MASCOT) long-term experiment, the effects of organic

and conventional management systems were evaluated by using soil chemical, biochemical and

biological parameters. Chemical and biochemical parameters linked to soil C cycle, arbuscular

mycorrhizal fungi (AMF) and microarthropod communities were analysed according to a comparative

approach. Results suggested a higher soil carbon sequestration in the organic respect to the conventional

system, as shown by the values of total organic C (9.5 and 7.8 g kg�1, for organic and conventional

system, respectively) and potentially mineralisable C (277 and 254 mg kg�1, for organic and

conventional system, respectively). AMF population, AMF root colonisation and diversity of

microarthropod population were slightly influenced by management system. On the other hand,

mites/collembolans ratio was higher in conventionally than in organically managed soil (2.67 and 1.30,

respectively), indicating as organic managed soils were more disturbed than conventional ones,

probably as the consequence of the more frequent soil tillage performed for mechanical weeds control.

The overall results demonstrated that, even in the short-term, the implementation of organically

managed stockless systems in Mediterranean areas determined significant changes of some attributes

for soil quality evaluation.
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nutrition (Smith and Read, 1997). They live in symbiosis with the
roots of most terrestrial plant species, representing a living bridge
for the translocation of nutrients from soil to plant roots and of C
from plant roots to the soil (Miller and Jastrow, 2000; Zhu and
Miller, 2003). In agroecosystems, agricultural practices such as
ploughing, chemical fertilisation and pesticide application affect
the occurrence of AMF, decreasing soil biological activity (Johnson
and Pfleger, 1992; Helgason et al., 1998). Lastly, since a well-
balanced soil arthropod community is essential in decomposing
crop residues to form humus and recycling mineral nutrients for
successive crops, the number and diversity of soil microarthro-
pods can also be considered as part of the biological data set
utilised for soil quality evaluation (De Goede and Brussaard,
2001).

However, soil quality indicator changes can only be assessed
in the long run, applying the same agricultural practices year
after year. For this reason, long-term experiments (LTE) are
particularly important for the evaluation of soil quality in organic
and/or biodynamic farming systems since the latter require
several years from conversion to reach a new equilibrium (Köpke,
2006). The majority of LTE carried out to evaluate the effect of
organic and/or biodynamic farming systems are based on mixed
farming systems, reflecting the typical agricultural model of the
region where they are performed (mainly temperate climates).
Despite the basic principles of organic farming, which affirm the
need for functional interconnections between crop and animal
production, organic farming systems in the Mediterranean basin
are often stockless (Canali and Speiser, 2005). In these systems,
one of the main problems is soil organic matter conservation and
mineral nutrient reintegration (Berry et al., 2003; Cormack et al.,
2003).

This paper aims to evaluate the effects of organic and
conventional management systems on soil quality focusing on a
Mediterranean long-term experiment (Mediterranean Arable
Systems Comparison Trial, MASCOT) (Bàrberi and Mazzoncini,
2006) that compares stockless organic and conventional arable
cropping systems.

2. Materials and methods

2.1. Description of the long-term field experiment

The MASCOT long-term experiment started in autumn 2001 at
the Interdepartmental Centre for Agro-environmental Research
‘‘Enrico Avanzi’’ (CIRAA) of the University of Pisa. CIRAA is
located at S. Piero a Grado, Pisa (latitude 438400 N, longitude
108190 E), in the coastal plain of Tuscany, central Italy. At the end
of the conversion period (October 2001), a 5-year stockless arable
crop rotation was established in conventional and organic
systems. Initially the rotation was: sugar beet (Beta vulgaris L.
var. saccharifera)–common wheat (Triticum aestivum L.)–sun-
flower (Helianthus annuus L.)–pigeon bean (Vicia faba L. var.
minor)–durum wheat (Triticum durum Desf.). In spring 2006,
sugar beet was replaced by grain maize (Zea mays L.). In the
organic system, red clover (Trifolium pratense L.) was undersown
in common and durum wheat and subsequently used as a green
manure for sunflower or sugar beet (maize). The total experi-
mental area (24 ha) was divided into fields of 0.35–1 ha each. The
five crops in the rotation were allocated to five fields in each
block and managed organically or conventionally (each group of
five fields represents a system within a block; each crop is
present every year) (Fig. 1). Systems were replicated three times
according to a randomised complete block (RCB) design.
Additional information on the agricultural practices used for
the organic and conventional systems can be found in Bàrberi
and Mazzoncini (2006).

2.2. Climate

Climatic conditions at the experimental site are typical of
Mediterranean areas, with rainfall mostly concentrated in autumn
(October to December) and spring (March to April). Due to elevated
air temperatures, potential evapotranspiration is generally high in
late spring and summer (up to 6–7 mm day�1). In the first crop
rotation cycle of the experiment (2002–2006), rainfall and air
temperature varied greatly. In particular, the first year (2002) was
characterised by unusually high rainfall in late spring and summer,
while 2003 was the driest of the latest 20 years with poor
precipitation from late winter onwards.

2.3. Crop yield and carbon input

Fresh samples of crop grain yield, crop residues and weed
biomass were assessed yearly in each field at harvest time (1 m2

sampling area per 1000 m2) and oven dried at 70 8C until constant
weight. In the case of red clover green manure, total and weed
biomass were sampled immediately before ploughing under.

In this study, crop yield data have been used to estimate C input
to the soil from each system, including roots and weeds (data from
2002 to 2004 are reported in Bàrberi and Mazzoncini, 2006; data
from 2005 and 2006 are unpublished) to better understand the
effects of crop management systems on soil chemical biological
and microbiological properties. The C input was estimated using a
concentration of 0.4 kg C kg�1 dry matter (DM) in shoots and roots
(Johnson et al., 2006).

In both systems, crop residues were incorporated in soil at
ploughing depth (ca. 30 cm) except in the conventional wheat
crops, whose residues (straw) were removed from the field. In this
case, wheat C input was calculated by assuming stubble to
represent 14% of the aboveground wheat biomass, as measured in
MASCOT’s fields after harvest. Root biomass at harvest in the first
30 cm soil depth was estimated as 10% of crop biomass (harvested
grain + aboveground biomass) in the case of wheat and 15% in the
case of sunflower and maize, according to previous studies carried
out by the authors (Mazzoncini et al., unpublished). Carbon from
rhizodeposits (root exudates, root hairs, etc.) were calculated
according to Bolinder et al. (2007).

Fig. 1. Layout of one block of the MASCOT long-term experiment in 2006. Every crop

was grown in each year. F, Field; GM, green manure.

M. Mazzoncini et al. / Applied Soil Ecology 44 (2010) 124–132 125



Author's personal copy

2.4. Soil sampling

The MASCOT experiment is carried out on a loamy soil (Tipic
Xeropsamment), whose main characteristics at the beginning of
the experiment were the following: organic C 9.35 g kg�1; total N
1.1 g kg�1; pH 8.4. Sampling for soil quality evaluation was carried
out in autumn 2006 (i.e. at the end of the first 5-year rotation
cycle). Samples were collected in the six fields (three organically
and three conventionally managed) in which durum wheat was
grown in the 2001–2002 season (i.e. at the beginning of the
experiment). Therefore, in these fields the crop sequence was:
durum wheat (2002)–sunflower (2003)–pigeon bean (2004)–
common wheat (2005)–maize (2006).

Sampling and storing protocols were based on the parameters to
be measured. In particular, soil was sampled in three different ways
for determination of (i) chemical and biochemical parameters, (ii)
AMF and (iii) microarthropod communities respectively.

2.4.1. Soil sampling for chemical and biochemical analyses.

For each of the sampled fields, four sub-samples were collected
at 0–25 cm soil depth, air-dried, crushed and passed through a 2-
mm sieve (USDA-NRCS, 1996). Sub-samples were thoroughly
mixed and stored for subsequent analyses. All the laboratory tests
were carried out in three replicates in order to control intra-
laboratory variability.

2.4.2. Soil and root sampling for AMF and mycorrhizal colonisation

assessment

For AMF assessment, three soil samples were collected from
each field. Each soil sample (ca. 1000 g) consisted of 7 random
cores, which were pooled after sampling, collected at a 15-cm soil
depth using a 5-cm diameter probe. Once pooled, samples were
stored at 4 8C until analysis.

To assess mycorrhizal colonisation, the roots of wheat
cultivated after maize were sampled from either organic and
conventional plots by taking 8 sub-samples plot�1. Root samples
(2–3 cm length) were placed in polyethylene bags and stored at
4 8C until analysis. All the laboratory tests were carried out in
triplicates.

2.4.3. Soil sampling for microarthropod community analysis

Four soil cores (7 cm � 5 cm, 5–7 cm deep) were taken in each
of the six plots and then separately processed for extraction of
microarthropods.

2.5. Determination of soil chemical parameters

2.5.1. Total organic carbon, humification parameters and total

nitrogen

Total soil organic carbon (Corg) was determined by mineralisa-
tion with 2N K2Cr2O7 and 96% H2SO4 solutions at 160 8C for 10 min
according to Springer and Klee (1954). The content of organic
carbon was calculated by back-titration with a solution of 0.2N
FeSO4.

For total extractable organic carbon (Cextr) determination, each
soil sample (5 g) was extracted by adding 100 mL of 0.1N NaOH/
0.1N Na4P2O7 solution at 65 8C for 48 h, under N2 atmosphere.
Aliquots of each NaOH/Na4P2O7 extract were stored under N2 at
4 8C. The same procedure utilised for Corg determination was used
on 10 mL of the NaOH/Na4P2O7 extracts for determining extract-
able organic carbon (Cextr).

Humic acids (HA) were precipitated from 25 mL of the extract
by adding a solution of 50% H2SO4, drop by drop until pH < 2. After
centrifugation at 2500 rpm, the non-humified fraction was
eliminated from the solution containing fulvic acids (FA) by
purification on a polyvinylpyrrolidone column (PVP) (Ciavatta

et al., 1990). Humic and fulvic acid carbon (CHA+FA) determination
was performed as reported above, on 10 mL of 0.5N NaOH
solutions (Ciavatta and Govi, 1993).

Humification parameters, such as the humification rate (HR)
and the degree of humification (DH), were calculated as follows
(Ciavatta et al., 1990):

HRð%Þ ¼ CHAþFA

Corg

� �
� 100 (1)

DHð%Þ ¼ CHAþFA

Cextr:

� �
� 100 (2)

Total soil nitrogen (Ntot) was determined by Kjeldahl’s
procedure (Bremner and Mulvaney, 1982).

2.5.2. Isoelectric focusing of humic substances

Humic substances to be analysed by isoelectric focusing (IEF)
were obtained as follows: a 0.5N HCl solution was added, drop-by-
drop until pH< 2, to 20 mL of 0.1N NaOH/0.1N Na4P2O7 soil extracts.
After centrifugation at 2500 rpm, the supernatant was discharged
and the precipitate was re-solubilised with 0.5N NaOH solutions,
quantitatively transferred into a calibrated 25 mL flask, brought to
volume with the same solution and stored under N2 at 4 8C. Ten
millilitres of this solution was dialysed in 6.000–8.000 Da mem-
branes (Spectra/Por1), then lyophilised and finally subjected to IEF.

The IEF separation was carried out in a Multiphore II, LKB
electrophoretic cell, as described in Govi et al. (1994). This
electrophoretic technique is able to fractionate mixtures of organic
compounds, such as humic acids, on the basis of their isoelectric
point and their electrophoretic mobility (De Nobili et al., 1989;
Govi et al., 1994; Dell’Abate et al., 2002; Alianiello and Baroccio,
2004). An IEF profile was obtained for each soil sample. This
qualitative information was converted into a quantitative one by
calculating the As% for each profile according to the following
approach: IEF peaks were numbered, and the peaks area were
determined for each soil IEF profile, assuming the area under the
entire IEF profiles as 100%. The relative sum of peaks areas focused
at pH > 4.5 (corresponding to more humified organic matter) was
calculated and named As%.

2.6. Determination of soil biochemical parameters

2.6.1. Soil C mineralisation

Soil C mineralisation was studied by measuring CO2–C
production in closed jars (Isermeyer, 1952). Each soil sample
(25 g, oven dry-weight equivalent) was rewetted to their
�33 kPa water tension and incubated at 30 8C. The CO2 evolution
was determined by back titration of NaOH absorbed CO2 at the
1st (C1), 2nd, 4th, 7th, 10th, 14th, 17th and 21st day of the
incubation period. The CO2–C measured after the first day of
incubation (C1) represents the soil easily mineralisable C. The
average value of CO2–C evolution at the 21st day of incubation
was assumed as soil basal respiration (Cbasal), indicating the
steady rate of respiration in soil which originates from the
turnover of organic matter. According to Pell et al. (2005), basal
respiration may constitute an integrated index of the potential of
the soil biota to degrade organic substances under given
environmental conditions. The kinetic study of the organic C
dynamics was performed by fitting the cumulative CO2–C vs time
according to a first-order exponential function [Ct = C0(1 � e�kt)].
This allowed us to calculate the potentially mineralisable C pool
C0 for each soil.

2.6.2. Microbial biomass C

Carbon of soil microbial biomass (Cmic) was measured by the
chloroform fumigation–extraction method (Vance et al., 1987) on
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air-dried soil samples conditioned by a 21-day incubation in open
glass jars at �33 kPa water tension and 30 8C. Soil samples were
incubated for restoring the microbial activity of air-dried soils.

2.6.3. Metabolic quotient, mineralisation coefficient and Cmic/Corg

ratio

The metabolic quotient q(CO2), defined as specific soil
respiration of the microbial biomass, was calculated as ratio of
basal respiration values (after the 21st day) and microbial biomass
C according to Anderson and Domsch (1985). The mineralisation
coefficient Cmin, defined as the ratio of mineralised soil C at
equilibrium conditions and the total amount of soil organic C, was
calculated according to Dommergues (1960). The ratio Cmic/Corg

was used as an index of microbial biomass contribution to soil
organic C (Anderson and Domsch, 1989).

2.7. Determination of soil biological parameters

2.7.1. AMF spore assessment

AMF spores and sporocarps were extracted from soil sub-
samples (50 g) by wet-sieving and decanting, down to a mesh size
of 50 mm (Gerdemann and Nicolson, 1963), flushed into Petri
dishes, and examined under a dissecting microscope (Wild, Leica,
Milano, Italy).

Numbers and morphotypes of AMF spores were recorded.
When present, sporocarps were dissected with forceps and
released spores were counted. Spores were isolated by using
capillary pipettes, mounted on microscope slides in polyvinyl
alcohol lacto-glycerol (PVLG), examined under a Polyvar light
microscope (Reichert-Young, Vienna, Austria) and identified
following current species descriptions and identification man-
uals (Gerdemann and Trappe, 1974; Schenck and Perez, 1990). At
least 50 spores of each morphotype were observed and measured
by using Quantimet 500 image analysis software (Leica, Milan,
Italy).

2.7.2. Assessment of mycorrhizal colonisation

The sampled roots were washed under tap water, cleared in 10%
KOH, acidified and stained with Trypan blue in lactic acid, then
washed and stored in lactic acid until analysis (Phillips and
Hayman, 1970). Assessment of percent root length colonised by
AMF was carried out under a wild dissecting microscope (Leica,
Milan, I) following the gridline intersect method (Giovannetti and
Mosse, 1980).

2.7.3. Microarthropod community evaluation

The microarthropods were extracted using Berlese–Tullgren
funnels for a minimum of 4 days and preserved in 95% ethanol + 1%
glycerol mixture. Animals were counted and identified until order
or suborder level. The synthetic index of degree of diversity change
of an ecological system (DV) proposed by Cancela da Fonseca and
Sarkar (1996) was used to compare the differences in biodiversity
on the basis of the following four groups: oribatid mites
(Cryptostigmata), other mites (Astigmata, Prostigmata, Mesostig-

mata), Collembola and other arthropods. In DVglobal, each of five
parameters taken in account for index calculation were obtained as
the sum of means of data, whereas in DVmean, as the mean of sums
(for more details see Cancela da Fonseca and Sarkar, 1996). These
indices range between�1 and +1. The absolute value measures the
difference between the two systems, the sign being positive if in
system taken as control (conventional) the degree of diversity is
lower.

Arthropod biodiversity and biological soil quality were
evaluated using the BSQ index proposed by Parisi (2001), based
on quick and practical evaluation of soil microarthropods, avoiding
classification at species level, but considering the morphological

features from the point of view of their adaptation to edaphic
environment. For this purpose, the soil microarthropods were
arranged on the basis of Ecomorphological Index (EMI) tables
(Parisi, 2001; Gardi et al., 2002; Parisi et al., 2005). The EMI tables
assign scores to each group; the scores are graduated with highest
values for microarthropod with highest edaphic adaptation. BSQ
index represents the sum of all scores assigned to groups found in
the considered system.

2.8. Statistical analysis

Data of C input, soil chemical and biochemical parameters, AMF
and root mycorrhizal colonisation were subjected to univariate
analysis of variance (ANOVA). Microarthropod abundance data
were analysed by multivariate analysis of variance (MANOVA). All
ANOVAs and MANOVAs were performed using treatment (con-
ventional vs organic), block and replicate as independent variables,
and t-tests (P � 0.05) to compare treatment means. The compari-
son among frequencies of microarthropods was carried out by Chi-
square test (P � 0.05). All statistical analyses were carried with
SPSS 13.0 (SPSS Inc., 1994).

3. Results

3.1. Carbon input

Compared to the conventional system, significant increases in C
input in the organic system were observed in 4 years out of 5 (2002,
2003, 2005 and 2006) (Table 1). In 2002 and 2005, the higher
quantities of carbon overall sequestered by the organic system can
be ascribed to the higher quantity of C from crop residues, since in
the organic system wheat straw was retained in the field while in
the conventional system it was removed. In 2003 and 2006, the
introduction of a winter green manure crop in the organic system
resulted in higher carbon input. In 2004, when pigeon bean was
cultivated, the quantity of carbon retained did not differ between
the organic and conventional systems because the productivity of
this crop was not influenced by the management system and
because its plant residues were retained in both systems. At the
end of the first crop rotation cycle, the organic system received a
higher C input (43%) than the conventional one (16.9 t ha�1 vs

11.8 t ha�1 respectively) (Table 1).

3.2. Chemical parameters

The mean values of the chemical and biochemical parameters
chosen to evaluate soil quality are shown in Table 2.

The Corg mean value was significantly higher in organic than in
conventional plots (9:5 g C kg�1

soil vs:7:8 g C kg�1
soil, respectively).

Results on the different soil organic C fractions indicated that
both the extractable C in alkaline environment (Cextr) and the
humified C (CHA+FA) did not significantly differ between the organic
and conventional systems. Similarly, the humification degree
(DH%) was not significantly influenced by management system,
while the soil humification rate (HR%) was higher (26%) in the
conventional system. No significant differences between organic
and conventional systems were observed for the As% parameter as
well as for total N.

3.3. Biochemical parameters

Mean values of mineralised C after the 1st day (C1), of
potentially mineralised C (C0) and of basal respiration C (Cbasal)
were higher in organic than in conventional soils of 17%, 18% and
9%, respectively (Table 2). In contrast, the ratio between Cbasal and
Corg (Cmin) did not differ between management systems.
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Soil microbial biomass (Cmic) was not different in the organic
and in the conventional system. Similarly, the mineralised C per
unit of microbial biomass C (qCO2) did not significantly differ
between crop management systems. On the other hand, Cmic/Corg

ratio was higher in the conventional than in the organic system
(4.11 (mg kg�1) � 103 vs 3.48 (mg kg�1) � 103).

3.4. Biological parameters

3.4.1. AMF spore population

Total number of spores did not significantly differ between
management systems (361.6 and 445.4 spores 50 g�1 soil in
organic and conventional, respectively).

The AMF species in the experimental site belonged to the
genera Glomus and Scutellospora and were: Glomus badium Oehl,
Redecker & Sieverd., Glomus etunicatum (Becker & Gerdemann),
Glomus geosporum (Nicol. & Gerd.) Walker, Glomus mosseae (Nicol.
& Gerd.) Gerdemann and Trappe, Glomus rubiforme (Gerd. &
Trappe) R.T. Almeida & N.C. Schenck (Basionym: Sclerocystis

rubiformis Gerdemann and Trappe), Glomus sinuosum (Gerdemann

and Bakshi) Almeida and Schenck (Basionym: Sclerocystis sinuosa

Gerdemann and Bakshi), Scutellospora calospora (Nicol. & Gerd.)
Walker & Sanders. In addition, two unidentified Glomus sp.
morphotypes were recovered.

3.4.2. Mycorrhizal colonisation of wheat plants

Percentage of colonised root length of wheat plants were not
significantly different, being 36.6 and 33.1 for organic and
conventional system, respectively. An extensive arbuscular colo-
nisation occurred in the roots of all wheat plants, irrespective of
the origin of the sample (organic or conventional management). A
few vesicles were detected in the root samples.

3.4.3. Soil microarthropods

A total of 808 and 1017 microarthropod individuals were
collected in the organic and conventional systems, corresponding
to about 19,200 and 24,200 individuals m�2, respectively. Treat-
ments (i.e. the different management systems) slightly affected the
abundance of microarthropod ranked as oribatid mites, other
mites, collembolans and other arthropods (Wilks’ Lambda = 0.03).
The differences were mainly due to the ‘‘other mites’’ group
(P = 0.043) and in small part to the collembolan group (P = 0.054,
close to significance).

Despite the fact that abundance in the four microarthropod
groups was not sensibly influenced by the management
system, significant differences were observed in percent
distribution of Astigmata and Prostigmata (belonging to ‘‘other
mites’’ group) and partly in the Collembola group. As is usually
observed in all soil types, oribatid mites and collembolans were
the most representative groups: the first one prevailed in the
conventional system whereas the second one prevailed in the
organic system (Table 3). The global index of the degree of
biodiversity change (DVglobal) showed slightly greater biodiver-
sity in the conventional systems (�0.0200, organic vs conven-
tional). However if DVmean was taken into account, the
differences were considerably lowered (0.0014, organic vs

conventional).
The biological soil quality index (BSQ) was higher in the

conventional fields than in the organic ones (112 and 99,
respectively), due to the unique presence of Protura and Chilopoda

in the conventional system (Table 4). Similarly, the mites/
collembolans ratio, usually considered a measure of environmental
stability (Bachelier, 1986), was significantly (x2 = 50.43; P < 0.001)
higher in the conventional than in the organic system (2.67 and
1.30, respectively).

Table 1
Estimated carbon input (t ha�1) to the organic and conventional systems.

C source System Crop and harvest year

Durum wheat Red clover Sunflower Pigeon bean Common wheat Red clover Maize Total C

2002 2003 2003 2004 2005 2006 2006 2002–2006

Crop residues Organic 2.15 a 0.98 1.37 1.49 1.86 a 0.98 2.27 a 11.10 a

Conventional 0.80 b – 1.60 1.43 0.64 b – 2.79 b 7.26 b

Crop roots Organic 0.38 0.13 0.32 0.32 0.36 0.13 0.66 2.30

Conventional 0.57 – 0.38 0.30 0.46 – 0.81 2.52

Rhizodeposit Organic 0.25 0.08 0.21 0.20 0.24 0.08 0.43 1.49

Conventional 0.37 0.25 0.20 0.30 0.53 1.65

Weeds Organic 0.01 0.02 0.00 0.05 0.06 0.76 0.00 0.90 a

Conventional 0.00 – 0.00 0.25 0.16 – 0.00 0.41 b

Fertilisers Organic 0.28 – 0.28 – 0.28 – 0.28 1.12

Conventional – – – – – – – –

Total C input Organic 3.07 a 1.21 2.18 2.06 2.80 a 1.95 3.64 16.91 a

Conventional 1.74 b – 2.23 2.18 1.56 b – 4.13 11.84 b

Note: Within column and year, means followed by letters are significantly different at P�0.05 (t test).

Table 2
Mean chemical and biochemical parameters measured in the organic and

conventional systems.

Parameter Organic Conventional

Corg (g kg�1) 9.5 a 7.8 b

Cextr (g kg�1) 6.9 6.6

CHA+FA (g kg�1) 5.2 5.3

HR (%) 54.6 b 68.9 a

DH (%) 75.1 79.1

As (%) 63.0 60.6

Total N (g kg�1) 1.1 1.0

C/N 8.6 a 7.5 b

C1 (mg C-CO2 kg�1 d�1) 55.2 a 47.1 b

Cbasal (mg CO2-C kg�1) 7.9 a 6.7 b

C0 (mg CO2-C kg�1) 277 a 254 b

Cmic (mg kg�1) 33.4 30.3

q(CO2) ðmg CO2-C mg C�1
mic d�1Þ 0.24 0.23

Cmin (mg CO2-C�kg�1
soil�d�1)/

(mg Corg kg�1
soil)�103

0.83 0.86

Cmic/Corg (mg kg�1)�103 3.48 b 4.11 a

Corg: Total organic C; Cext: total extractable organic carbon; CHA+FA: humic and fulvic

C; HR: humification rate; DH: degree of humification; As: peaks areas focused at

pH>4.5; C1: CO2-C evolution determined at the 1st day of incubation; Cbasal: soil

basal respiration; C0: potentially mineralisable C; Cmic: C of soil microbial biomass;

q(CO2): metabolic quotient; Cmin: mineralisation coefficient (P�0.05). See text for

further explanation. Means followed by letters are significantly different at P�0.05

(t-test).
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4. Discussion

4.1. Chemical and biochemical parameters

The higher C input observed under the organic system was
more affected by management than by crop productivity. In a
previous analysis of crop productivity within the same experiment
(MASCOT), Bàrberi and Mazzoncini (2006) pointed out that the
whole aboveground biomass produced by crops was lower under
the organic system except for pigeon bean, the only legume crop in
the rotation. Due to the crop residue conservation strategy and the
inclusion of green manure crops in the rotation, the overall net
primary production was greater in the organic than in the
conventional system. As a consequence, the carbon fixed in crop
residues and green manure, together with the organic carbon
contained in the applied organic fertilisers, increased the carbon
input to the organic soil. Of the total C input to the organic system
in the first rotation cycle, 21% was attributable to crop residues
(including roots and rhizodepositions), 47% to green manure, 22%
to organic fertilisers and 10% to weed biomass. This result
highlights the strategic importance of including green manure
for managing organic carbon budget in organic agricultural
systems under Mediterranean climatic conditions.

According to the hypothesis that C input is the key driver of soil
organic matter changes (assuming as constant the other factors
that affect C mineralisation; Lugato et al., 2006) and considering
that there is a strong positive relationship between C input and soil
organic C content (Larson et al., 1972; Havlin et al., 1990;
Rasmussen and Collins, 1991; Paustian et al., 1992; Buyanovsky
and Wagner, 1998; Canali et al., 2004; Lugato et al., 2006), our
findings suggest a stronger capacity for carbon sequestration in the
organic system compared to the conventional one. This is
consistent with observations by other authors (Drinkwater
et al., 1998; Mäder et al., 2003; Pimentel et al., 2005).

Soil organic matter quality in the two systems was similar, as
demonstrated by the results obtained for extractable C (Cextr),
humification degree (DH%) and IEF profiling (As%). Nevertheless,
the higher value of humification rate (HR%) in the conventional
system can be explained by the significantly higher content of Corg

in the organic system, mainly due to soil application of labile
organic matter deriving from crop residues and/or green manure.
This also can explain the higher values of C/N in the organic system.

Microbial activity, evaluated on the basis of soil respiration,
showed results in accordance with soil organic C. Either C1, C0, and
Cbasal values confirmed that in those conditions soil microorgan-
isms had a greater amount of available substrates.

The similarity of the size of microbial populations (Cmic),
metabolic efficiency (qCO2), and the Cmin (Cbasal/Corg) ratios
between the management systems might indicate that in
Mediterranean conditions, despite the increase in C input and
the consequent greater amount of available C substrates in the
organic system, soil microorganisms followed the same metabolic
pattern in both systems. These findings are in contrast with results
obtained by Mäder et al. (2002) and Franca et al. (2007) who,
however, carried out their studies in areas not characterised by a
Mediterranean type of climate.

4.2. Biological parameters

The obtained results suggested that significant changes in AMF
spore populations due to crop management system are unlikely to
occur in a relatively short period (5 years).

Nine different AMF morphospecies belonging to the genera
Glomus and Scutellospora were recovered in the experimental
fields, showing that several spore types occur in Mediterranean
environments (Calvente et al., 2004). Eight AMF morphotypes
belonged to the genus Glomus, four of which were sporocarpic
species (G. badium, G. mosseae, G. rubiforme and G. sinuosum),
confirming data on the predominance of this genus in agricultural
soils (Helgason et al., 1998; Oehl et al., 2003; Bedini et al., 2007).

AMF species belonging to the genus Scutellospora have been
reported to be highly sensitive to anthropogenic disturbance and
to agricultural practices such as tillage, chemical fertilisation and
pesticide treatments (Giovannetti and Gianinazzi-Pearson, 1994;
Helgason et al., 1998; Daniell et al., 2001; Jansa et al., 2002), while
they have been often retrieved from undisturbed sandy soils
(Blaszkowski et al., 2004; Rodriguez-Echeverrı̀a and Freitas, 2006).
The occurrence of S. calospora in our experimental site may depend
on soil alluvional origin, making it similar to a coastal sand dune
system, where other Scutellospora species were recovered (Gio-
vannetti, 1985; Blaszkowski et al., 2004; Turrini et al., 2008).

Similarly to what was observed for AMF spores, lack of significant
differences in wheat root mycorrhizal colonisation suggests the
absence of notable effects of different crop management systems on
AMF population and colonisation ability in the short-term.

As for soil microarthropods, statistical analysis did not show
substantial differences between the organic and conventional
systems. The overall arthropod diversity is usually assumed to be
higher in uncultivated (natural) systems than in cultivated ones
(Solbrig, 1992; Cancela da Fonseca and Sarkar, 1996), in minimum
tillage than in plough-based systems (Cortet et al., 2002) and
generally in low-input systems (Siepel, 1996). The average density of
mites retrieved in this study (10,334 and 16,659 individuals m�2 in
the organic and conventional systems, respectively) was higher
than that retrieved in intensive maize monoculture in different
locations of the Po Valley (Northern Italy), where mite mean
density ranged from 757 to 8509 individuals m�2 (Mahunka and
Paoletti, 1984). The Collembola density varied from 20,000 to
40,000 individuals m�2 both in pesticide treated and untreated
maize grown in Northern Italy (Sabatini et al., 1997) while, in our

Table 3
Abundance (mean number of specimens per sample of 175 cm3� SE) of soil

microarthropods and their percent distribution among the different taxonomic groups.

Organic Conventional

Mean % Mean %

Oribatida 23.9 35.5 b 34.5 40.7 a

Other mites 12.2 b 23.8 a

Astigmata 1.37 a 0.10 b

Prostigmata 10.6 b 21.9 a

Mesostigmata 6.57 6.10

Collembola 27.9 41.5 a 21.8 25.7 b

Other arthropods 3.25 4.48 4.58 5.41

Note: Within a row, means followed by letters are significantly different at P�0.05

(t test for absolute values and Chi square test for percent values).

Table 4
Ecomorphological index (EMI) of soil microarthropods used to calculate BSQ.

Groups Organic Conventional

Protura – 20

Collembola 20 20

Psocoptera 1 –

Hemiptera (Aphididae) 1 –

Thysanoptera 1 1

Coleoptera 6 6

Diptera 10 10

Hymenoptera 5 5

Acari 20 20

Isopoda 10 –

Symphyla 20 20

Chilopoda – 10

Araneida 5 –
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study, it was considerably lower (about 8000 and 6000 individuals
m�2 in organic and conventional managed soils, respectively). This
suggests that local site factors (e.g. soil and weather conditions) may
also be important determinants of mite and collembolan abundance
in agroecosystems. Mites normally are prevalent respect to the
collembolans in stable environments and in quality soil (Bachelier,
1986). They are also more sensitive to drought (Lindberg and
Bengtsson, 2005) and to some agricultural practices, as tillage
(Ferraro and Ghersa, 2007; Tabaglio et al., 2009). This is in agreement
with our results because mite/collembolan ratio is higher in
conventional than in organic systems, in which disturbance for
microarthopods was greater, probably, as consequence of the more
frequent soil tillage performed for mechanical weeds control. The
disturbance effects of tillage on soil microarthropod population is
also confirmed by the global synthetic index of degree of change of
diversity of an ecological system (DVglobal). In fact, this value
indicated a slightly higher biodiversity in conventional than in
organic system.

Values of the BSQ have been shown to increase from about 50,
for highly disturbed soils, to about 120 in forestry soils and
grassland (Parisi, 2001). In our experiment, BSQ of either
conventionally and organically managed maize was higher than
the BSQ recorded in permanent grassland and vineyards of the Po
Valley (Gardi et al., 2002). Parisi et al. (2005) found analogous BSQ
values in organic maize but near half of our value in conventional
maize. Unexpectedly, in our study the BSQ index of the
conventional system was higher than that of the organic system.
However, the BSQ value of the latter was close to 100, indicating
good soil quality (Parisi, 2001). Protura and Chilopoda, which in our
experiment determined the higher BSQ in the conventional
system, were present only with 1–2 individuals m�2. In Italy,
Protura was not recorded in other soils cropped with maize and
Chilopoda was more common in non-pesticide-treated maize
(Parisi et al., 2005). The values >1 of the mites/collembola ratio
confirmed good soil quality in both systems (Bachelier, 1986).

5. Conclusions

Higher Corg in organically managed soil seemed to determine an
analogous increase in the rate of mineralisation without deter-
mining changes in microbial population size, in its metabolic
efficiency and in the accumulation of more labile soil organic
matter. Despite the lack of animal residues (i.e. farmyard manure),
plant biomass input due to ploughing under of crop residues,
interseeding and green manure, induced a significant increase in
Corg in the organic system compared to the conventional system.
During the first 5 years (2002–2006) of the experiment, plant
material was partially mineralised inducing greater microbial
activity in the organically managed soil, but the elapsed time may
have been insufficient to increase the level of humified substances.
The ongoing evolution of the experimental soils towards a new
equilibrium may explain the substantial lack of crop management
system effect in AMF spore population and wheat mycorrhizal root
colonisation, while the more frequent tillage in organic maize may
have negatively affected the presence of soil microarthropods,
which (at least for oribatids, one of the most important
components), require a longer time to respond to changes in soil
organic matter (Behan-Pelletier, 1999; Lindberg and Bengtsson,
2005; Osler and Murphy, 2005).

In synthesis, all the studied parameters described a system in
evolution where the organic C stock has rapidly increased but soil
metabolism is mainly oriented towards short-term utilisation of
material and energy. These findings should be considered short-
term changes observed over 5 years since the introduction of
organic management and are expected to continue to change over
a longer period of time. Further assessments of the same biological,

chemical and biochemical parameters in the same experimental
fields are then needed in the years to come to verify long-term
changes induced by organic management in an arable system.
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Experiments in Organic Farming. ISOFAR Scientific Series, Verlag, Berlin, pp.
99–116.

Rasmussen, P.E., Collins, H.P., 1991. Long-term impacts of tillage fertilizer and crop
residue on soil organic matter in temperate semi-arid regions. Adv. Agron. 45,
93–134.

Reganold, J.P., Palmer, A., Lockhardt, J.C., Macgregor, A.N., 1993. Soil quality and
financial performance of biodynamic and conventional farms in New Zealand.
Science 260, 344–349.

Rodriguez-Echeverrı̀a, S., Freitas, H., 2006. Diversity of AMF associated with Ammo-
phila arenaria ssp. arundinacea in Portuguese sand dunes. Mycorrhiza 16, 543–
552.

Sabatini, M.A., Rebecchi, L., Cappi, C., Bertolani, R., Fratello, B., 1997. Long term
effects of three different continuous tillage practices on Collembola populations.
Pedobiologia 41, 185–193.

Sayre, P., 2005. Organic farming combats global warming: big time. BioScience 7,
573–582.

Schenck, N.C., Perez, Y., 1990. Manual for the Identification of VA Mycorrhizal Fungi,
3rd ed. Synergistic, Gainesville.

Schloter, M., Munch, J.C., Tittarelli, F., 2005. Managing soil quality. In: Bloem, J.,
Hopkins, D.W., Benedetti, A. (Eds.), Microbiological Methods for Assessing Soil
Quality. CABI Publishing, pp. 50–70.

Schrader, S., Kiehne, J., Anderson, T., Paulsen, H., 2006. Development of Colembolans
after conversion towards organic farming. In: Atkinson, C., Younie, D. (Eds.),
What Will Organic Farming Deliver? Aspects of Applied Biology. vol. 79. AAB
Office Warwick, UK, pp. 181–184.

Siepel, H., 1996. Biodiversity of soil microarthropods: the filtering of species.
Biodiversity Conserv. 5, 251–260.

Smith, S.E., Read, D.J., 1997. Mycorrhizal Symbiosis. Academic Press, San Diego, 605
pp.

Solbrig, O.T., 1992. Biodiversity: an introduction. In: Solbrig O.T., van Emden, H.M.,
van Oordt, P.G.W.J. (Eds.), Biodiversity and Global Change. IUBS, Paris, pp. 13–
20.

SPSS Inc. 1994. SPSS for Windows 6.1. Chicago, IL.
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