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Abstract
An experimental trial was carried out over three years at Cavacurta (Po valley, Italy) on continuous barley. The soil
was a coarse-loamy over sandy, mixed, mesic Fluventic Ustochrept. The experimental design was a split-plot with four
replicates; the main factor was the soil management system (conventional tillage, CT, and no-tillage, NT), while the
secondary factor was the nitrogen fertilization (N0 = 0, N1 = 50 and N2 = 90 kg N ha-1 year-1). At the end of the
third year soil samples were taken in all plots at four depths (0-5, 5-10, 10-15 and 15-20 cm). For these samples, pH,
organic matter, total N, available P and cation exchange capacity were determined. On the contrary, water aggre-
gate stability was determined for a single layer (0-20 cm depth), excluding the N1 level of fertilization. The biolog-
ical indicator, QBS-ar index, was studied only in the layer 0-10 cm. Statistical analysis shows that no-till positively
influenced all the indices except for CEC and QBS-ar. N fertilization had significant effects on CEC only; in the
upper layer, the value in N2 subplots was of approx. 1 cmol+ kg-1 higher than in N0 and N1 subplots. There was no
significant interaction for any of the indices. As regards only the 0-20 cm layer, the most important results are as
follows. The organic matter content in NT plots was significantly higher than in CT plots (32.6 vs 29.8 g kg-1), as
was the total N (2.11 vs 1.97 g kg-1). No-till also had a very clear effect on the Olsen-P (12.3 vs 9.3 mg kg-1). The
most remarkable result was found for the water aggregate stability: for NT plots the value was 246% higher than
for CT plots (34.3 vs 9.9%). As regards the microarthropod community, the value of the QBS-ar index was between
90 and 126, a typical range for soil under barley.

Key-words: soil indicators, no-tillage, conventional tillage, nitrogen fertilization, QBS-ar, water aggregate stability.

1. Introduction

Since the early 1960s, the technique of no-tillage
(NT) has come up against various obstacles in
Italy. Initially, experimental studies were spo-
radic, but more recently NT has been studied
repeatedly. However, NT has never been ap-
plied over a large area (Toderi and Bonari, 1986;
Bartolini, 1989; Caliandro et al., 1992; Sartori
and Peruzzi, 1994). The limited use of this land
management technique is due to several factors:
limited acceptance by farmers of the new prin-
ciples, wrong choice of soil-type, short experi-
mental studies without sufficiently long repeti-

tions, and inadequate basic knowledge of the
various herbicide treatments and fertilizers
needed. As regards N fertilization especially,
rates and times of application of fertilizer need
to be modified to suit the new soil regime. Min-
eralisation and nitrogen release are lower under
NT and the residue decomposition temporarily
causes some limitation of available nitrogen as
the micro-organisms draw on soil reserves to
satisfy their own nutritional needs (Wild, 1988).
With the adoption of high residue systems, ad-
ditional evaluation of the N efficiency is need-
ed, in relation to weather conditions, soil prop-
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erties, rotation and crop characteristics. Barley
has low nitrogen requirements, usually less than
100 kg N ha-1, so the rate of nitrogen applica-
tion must be carefully calculated to avoid de-
creasing the yield or NO3-N leaching and N2O-N
emission (Angas et al., 2006; Halvorson and
Reule, 2007; Malhi and Lemke, 2007).

Nevertheless, the advantages and conditions
for the adoption of NT have been repeatedly
presented and discussed worldwide (Phillips and
Phillips, 1984; Sprague and Triplett, 1986; Baker
and Saxton, 2006; Pisante, 2007; Triplett and
Dick, 2008). NT is generally one of the most sus-
tainable soil management systems in that it re-
duces runoff and soil erosion, increases avail-
able plant water, increases soil organic matter
and available plant nutrients, reduces labour re-
quirements and machinery costs, reduces fossil-
fuel inputs, reduces greenhouse gas emission
from agricultural land, and improves the global
environment (Unger and McCalla, 1980; Rajen-
dra Prasad and Power, 1991; Reicosky and Sax-
ton, 2007). More specifically, in the absence of
the plough the soil profile is undisturbed and
the environment is less oxidative, the most im-
portant consequence being an improvement in
soil quality and health over time (Adl et al.,
2006). The most appropriate techniques for de-
tecting and measuring this improvement need
to be identified. Given that a single parameter
cannot describe the complexity of the soil
ecosystem, it becomes necessary to establish
how many and which soil quality indicators to
use (Larson and Pierce, 1991; Doran and Parkin,
1994). For this study, chemical (pH, organic mat-
ter, total nitrogen, available phosphorus, cation
exchange capacity), physical (water aggregate
stability) and biological (QBS-ar) indicators
were considered, thus adopting an integrated
approach for assessing soil quality. As regards

the biological community, mesofauna groups are
a key component of soil biota. They are very
abundant, their role in soil formation and trans-
formation is well-recognized and the area cov-
ered during their life cycle is representative of
the site under examination. Their life cycle gives
insight into the ecological condition of the soil,
and several species have already been recog-
nised as useful biological indicators of soil qual-
ity. In general, soil invertebrate-based indices
consider the consistency and richness of popu-
lations (van Straalen, 1998). Recently the inte-
grated QBS-ar index has been proposed (Parisi,
2001; Parisi et al., 2005).

The aim of this field experiment was to ver-
ify the ability of these indicators to detect any
changes in soil quality in relation to the shift in
tillage management and different levels of ni-
trogen fertilization, after three years of contin-
uous barley.

2. Materials and methods

An experimental trial was carried out over three
years (2000-2002) at Cavacurta (Lodi, Northern
Italy), on continuous barley. The soil was a
coarse-loamy over sandy, mixed, mesic Fluventic
Ustochrept (Soil Taxonomy, 1992), previously
under mixed sward for two years. The main
physical and chemical properties of the soil at
the beginning of the experiment are shown in
Table 1. The experimental design was a split-
plot with four replicates; the main factor was the
soil management system (conventional tillage,
CT, and no-tillage, NT), while the secondary fac-
tor was the rate of applied nitrogen (N0 = 0, N1
= 50 and N2 = 90 kg N ha-1 year-1). Nitrogen was
applied as ammonium nitrate twice at the end
of tillering and at the beginning of stem elon-
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Table 1. Physical and chemical properties of the soil at the beginning of the experiment.

Sand (2 - 0.05 mm) g kg-1 302
Silt (0.05 - 0.002 mm) g kg-1 505
Clay (< 0.002 mm) g kg-1 193
pH (CaCl2, 0.01 M) 7.23
CaCO3 (volumetric) g kg-1 90
Organic matter (Walkley and Black) g kg-1 27.9
Total N (Kjeldahl) g kg-1 1.97
Available P (Na bicarbonate 0.5 M, pH 8.5) mg kg-1 11.8
Exchangeable K (Ba chloride, pH 8.1) mg kg-1 81.0
C.E.C. (Ba chloride, pH 8.1) cmol+ kg-1 20.2
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Table 2. Soil pH after three years of continuous barley under two soil tillage systems and three rates of nitrogen ferti-
lization.

Layer

0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-20 cm

Tillage system 0.01 0.01 0.05 0.05 0.01
NT 7.33 a 7.38 a 7.37 a 7.37 a 7.36 a
CT 7.55 b 7.53 b 7.52 b 7.50 b 7.53 b
N fertilization n.s. n.s. n.s. n.s. n.s.
N0 7.45 7.50 7.47 7.44 7.47
N1 7.41 7.42 7.43 7.41 7.42
N2 7.46 7.45 7.44 7.46 7.45
Interaction n.s. n.s. n.s. n.s. n.s.
Average 7.44 7.46 7.45 7.44 7.45

n.s., not significant at the P ≤ 0.05 level; 0.05, and 0.01, significantly different at P ≤ 0.05 and P ≤ 0.01 levels, respectively; within
the same column, means followed by the same letter are not significantly different at the P ≤ 0.05 level, according to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N1 = 50 kg N ha-1; N2 = 90 kg N ha-1.

gation. The 24 subplots were 3.6 m wide and 12
m long. The CT plots were ploughed each year
to a depth of 30 cm, and then harrowed twice
to a depth of 15 cm using a rotating harrow to
provide a suitable seedbed. In the NT plots the
residues of the previous crop were chopped and
then Glyphosate was sprayed at the rate of 3
L ha-1 to kill standing weeds at sowing. The no-
till drill used was the John Deere 750. At the
end of the three-year period, soil samples in all
plots at four depths (0-5, 5-10, 10-15 and 15-20
cm) were taken. Each sample was made up of
3-4 subsamples. For these samples, pH (0.01M
CaCl2), organic matter (Walkley and Black,
1934), total N (Kjeldahl, 1883, modif. for Büchi
Distillation Unit K-350), available P (Olsen and
Sommers, 1982) and cation exchange capacity
(BaCl2) were determined. On the contrary, wa-
ter aggregate stability (Malquori and Cecconi,
1962 modif.) was determined only for 16 plots
for a single layer (0-20 cm), excluding the N1
level of fertilization. The original method was
modified for a single time determination (60’)
and with correction for sand according to Kem-
per (1965). The microarthropod community was
studied on an undisturbed soil sample set tak-
en from the top 10 cm, by means of the QBS-
ar index. The QBS-ar index is applied to soil mi-
croarthropods, separated according to the “bio-
logical form” approach, with the intention of
evaluating their level of adaptation to the soil
environment and overcoming the well-known
difficulties of taxonomic analysis to species lev-
el for edaphic mesofauna. This index evaluates
the level of morphological adaptation to the soil

environment shown by microarthropod groups
and, on this basis, assigns a numerical value of
soil biological quality. Microarthropods were ex-
tracted by means of a Berlese-Tullgren funnel.
Analysis of variance was used for statistical
analysis of all data; the LSDs were calculated
for P ≤ 0.05 level.

3. Results and discussion

At the end of the three-year trial, the soil pH
(Tab. 2) was found to be slightly alkaline: 7.45
on overall average for the 0-20 cm layer com-
pared to 7.2 determined at the start of the ex-
periment (Tab. 1). This difference is primarily
due to different depths of sampling (30 cm at
the start and 20 cm at the end of the trial). Nev-
ertheless, all the values are optimal for micro-
bial activity. Compared with CT, NT shows sig-
nificantly lower values at all depths, at different
probability levels. The decrease is very slight,
being between 0.22 for the 0-5 cm layer and 0.17
for the 0-20 cm layer. After only three years of
NT, the soil macroporosity had probably in-
creased due to the development of a system of
biochannels, so that drainage was improved and
calcium leaching slightly more intensive than in
CT, where the plots are ploughed annually. The
nitrogen fertilization had no significant effect on
soil pH or the interaction between the experi-
mental factors. According to Landi et al. (2000),
the soil organic matter (Tab. 3) is the most re-
active soil component. Under NT, the organic
matter reached the value of 43.6 g kg-1 in the
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upper layer, significantly higher than under CT
(30.8). In the 10-15 cm layer there was a slight
inversion between NT and CT, statistically sig-
nificant (P ≤ 0.01) and probably due to the strat-
ification of the mouldboard ploughed residues
in CT, relatively more intense in that layer. In
any case, under NT the organic matter content
of the soil in the 0-20 cm layer remained high-
er than under CT, even though the difference is
limited (32.6 under NT vs 29.8 g kg-1 under CT).
Thus, in this trial the contribution of conserva-
tive soil management to the balance of soil or-
ganic matter is evident after only three years,
whereas several years or decades are usually
necessary (Smith et al., 2000). Nevertheless,
these findings agree with those of Campbell et
al. (1999) for soils of the same textural class as

the Cavacurta soil, i.e. silty loam. No effect of
nitrogen fertilization and interaction was found.
Table 4 presents the soil nitrogen content. The
data clearly demonstrate the improvement in
chemical fertility after three years of no-tillage.
NT plots showed a higher nitrogen content than
CT plots at a very high level of probability 
(P ≤ 0.001) in both the upper 5 cm and the 20
cm layers. In the third layer, CT gave a signifi-
cantly higher result than NT although the dif-
ference was very small (1.95 vs 1.90 g kg-1); the
same pattern was shown by organic matter (Tab.
3). Fertilization had no effect on the nitrogen
content. The available P (Tab. 5) followed the
same pattern as the organic matter: in the upper
5 cm layer NT gave a very high Olsen P value,
i.e. 6 mg kg-1 higher than for CT (P ≤ 0.01). With
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Table 3. Soil organic matter (g kg-1) after three years of continuous barley under two soil tillage systems and three rates
of nitrogen fertilization.

Layer

0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-20 cm

Tillage system 0.001 n.s. 0.01 n.s. 0.01
NT 43.6 b 30.2 27.9 a 28.9 32.6 b
CT 30.8 a 30.0 29.6 b 29.0 29.8 a
N fertilization n.s. n.s. n.s. n.s. n.s.
N0 37.0 29.7 28.7 29.2 31.1
N1 36.9 30.2 28.7 29.6 31.4
N2 37.6 30.5 28.7 28.0 31.2
Interaction n.s. n.s. n.s. n.s. n.s.
Average 37.2 30.1 28.7 29.0 31.2

n.s., not significant at the P ≤ 0.05 level; 0.01 and 0.001, significantly different at P ≤ 0.01 and P ≤ 0.001 levels, respectively; within the
same column, means followed by the same letter are not significantly different at the P ≤ 0.05 level, according to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N1 = 50 kg N ha-1; N2 = 90 kg N ha-1.

Table 4. Total nitrogen (g kg-1) after three years of continuous barley under two soil tillage systems and three rates of ni-
trogen fertilization.

Layer

0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-20 cm

Tillage system 0.001 n.s. 0.01 n.s. 0.001
NT 2.64 b 2.00 1.90 a 1.91 2.11 b
CT 1.99 a 1.99 1.95 b 1.96 1.97 a
N fertilization n.s. n.s. n.s. n.s. n.s.
N0 2.32 1.99 1.95 1.96 2.05
N1 2.28 2.01 1.93 1.95 2.04
N2 2.34 1.98 1.91 1.90 2.03
Interaction n.s. n.s. n.s. n.s. n.s.
Average 2.31 1.99 1.93 1.94 2.04

n.s., not significant at the P ≤ 0.05 level; 0.01 and 0.001, significantly different at P ≤ 0.01 and P ≤ 0.001 levels, respectively; within the
same column, means followed by the same letter are not significantly different at the P ≤ 0.05 level, according to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N1 = 50 kg N ha-1; N2 = 90 kg N ha-1.
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the exception of the second layer, a higher value
appeared in all the other layers, although reduced
to about 3 mg kg-1. At the end of the three-year
trial, the available P under CT fell within a
medium-level range (8-11 mg kg-1), whereas un-
der NT it was within a high-level range (12-15
mg kg-1), for which no P fertilizer is recom-
mended for most crops (Rehm et al., 1994). The
increase in soil organic matter under NT af-
fected the availability of nutrients, particularly
that of phosphorus. Nitrogen fertilization and
interaction had no effects. Among the soil prop-
erties examined, CEC is the only one insensi-
tive to the tillage system adopted (Tab. 6). Its
slow reactivity to soil disturbances is well
known, and in order to highlight some effects a
longer trial period is generally required. On the

contrary, the effect of nitrogen fertilization is
significant, although the differences are too
small (1 cmol+ kg-1 for the upper 5 cm layer and
0.6 for the 20 cm layer) to assume agronomic
importance. No-till generally determines an in-
crease in CEC parallel to the organic matter,
whereas large amounts of nitrogen fertilizer
have a tendency to reduce it (Russell et al.,
2006). In this trial, the small CEC increases in
the N2 subplots could be attributed to the or-
ganic matter increases in the upper 10 cm of the
soil profile. Table 7 shows the percentage of wa-
ter aggregate stability (WAS) related to the 0-
20 cm layer and with the exception of N1. This
indicator is the most sensitive to soil manage-
ment systems (Arshad and Coen, 1992), as al-
ready found in a parallel trial under maize
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Table 5. Available phosphorus (mg kg-1) after three years of continuous barley under two soil tillage systems and three
rates of nitrogen fertilization.

Layer

0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-20 cm

Tillage system 0.01 n.s. 0.05 0.001 0.01
NT 17.6 b 9.4 10.2 b 11.8 b 12.3 b
CT 11.6 a 9.2 8.5 a 8.8 a 9.3 a
N fertilization n.s. n.s. n.s. n.s. n.s.
N0 13.9 9.3 8.9 9.9 10.4
N1 15.3 9.5 9.7 10.8 11.1
N2 14.6 9.1 9.6 10.2 10.9
Interaction n.s. n.s. n.s. n.s. n.s.
Average 14.6 9.3 9.4 10.3 10.8

n.s., not significant at the P ≤ 0.05 level; 0.05, 0.01 and 0.001 significantly different at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001 levels, re-
spectively; within the same column, means followed by the same letter are not significantly different at the P ≤ 0.05 level, accord-
ing to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N1 = 50 kg N ha-1; N2 = 90 kg N ha-1.

Table 6. Cation exchange capacity (cmol+ kg-1) after three years of continuous barley under two soil tillage systems and
three rates of nitrogen fertilization.

Layer

0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-20 cm

Tillage system n.s. n.s. n.s. n.s. n.s.
NT 21.1 20.1 19.5 19.8 20.1
CT 20.1 20.0 20.0 19.8 20.0
N fertilization 0.05 n.s. n.s. n.s. 0.01
N0 20.4 a 19.9 19.3 19.6 19.8 a
N1 20.2 a 19.8 19.8 19.7 19.9 a
N2 21.2 b 20.4 20.1 20.2 20.5 b
Interaction n.s. n.s. n.s. n.s. n.s.
Average 20.6 20.0 19.8 19.8 20.1

n.s., not significant at the P ≤ 0.05 level; 0.05, and 0.01, significantly different at P ≤ 0.05 and P ≤ 0.01 levels, respectively; within
the same column, means followed by the same letter are not significantly different at the P ≤ 0.05 level, according to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N1 = 50 kg N ha-1; N2 = 90 kg N ha-1.
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Table 7. Water aggregate stability (%) after three years of
continuous barley under two soil tillage systems and two
rates of nitrogen fertilization.

Layer
0-20 cm

Tillage system 0.01
NT 34.3 b
CT 9.9 a
N fertilization n.s.
N0 20.6
N2 23.7
Interaction n.s.
Average 22.1

n.s., not significant at the P ≤ 0.05 level; 0.01, significantly dif-
ferent at P ≤ 0.01 level; within the same column, means followed
by the same letter are not significantly different at the P ≤ 0.05
level, according to the LSD test.
NT = no-tillage; CT = conventional tillage; N0 = 0 kg N ha-1; N2
= 90 kg N ha-1.

(Tabaglio et al., 2008). Under NT, the WAS is
246% higher compared with CT (P ≤ 0.01),
where the stable aggregates are only 9.9%. If
the aim of no-tillage is a better soil aggregate
stability (Paris, 1989), this result appears to be
achieved after a three-year period in the pedo-
climatic conditions of this trial. The effect is ev-
ident not only in the upper 5-10 cm layer but
also up to a depth of 20 cm, with more positive
agronomic consequences. Nitrogen fertilization
and interaction had no effect. These findings are
exciting, because the indicators used reacted
quickly to soil management changes. They are
mainly due to crop residues, which represent the
most important contribution to the turnover of
organic C in the soil, and also to more abun-
dant root residues. However, the favourable
pedological conditions of the experimental site
should be considered; in soils with a texture less
suitable to no-till the improvement will proba-
bly be slower and weaker.

As regards the microarthropod community,
different treatments do not lead to significant
differences (Fig. 1). The value of the QBS-ar in-
dex was between 90 and 126, a typical range for
soil under wheat and barley (unpublished data).
The observed community of microarthropods
highlights the fairly good biological quality of
the soil for all four treatments and this is pre-
sumably due to the fact that barley, in contrast
with other crops such as maize which have a

higher impact on the soil, maintains conditions
of the edaphic environment suitable for the sur-
vival of edaphic microarthropods.

4. Conclusions

The agronomic advantages of no-tillage were
thus confirmed after a short trial period. Soil or-
ganic matter, total nitrogen, available phospho-
rus and, especially, water aggregate stability are
significantly increased under no-tillage com-
pared with conventional tillage. The increase in
WAS is the most important result of this re-
search, because it represents the real agronom-
ic achievement at the end of the transition
process towards a new equilibrium of the soil
system. For NT plots the value was 246% high-
er than for CT plots. The physical and chemical
properties studied, with the exception of CEC,
were revealed as being sensitive and reliable in-
dicators of soil health. In relation to the QBS-
ar index, different treatments do not result in
significant differences. N fertilization had no ef-
fects on the studied indicators, with the excep-
tion of CEC, which was significantly higher in
the N2 subplots for a very small difference.

In a context requiring agriculture to adopt
sustainable practices, with UE agricultural poli-
cies forcing farmers to adopt reduced environ-
mental impact systems in order to obtain in-
come support, it is necessary to find the most
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Figure 1. QBS-ar values and standard deviation after three
years of trial. The QBS-ar index is based on microarthro-
pod groups present in a soil sample and each “mi-
croarthropod-type” found receives a score from 1 to 20
(Eco-Morphological Index, EMI), according to its adapta-
tion to the soil environment. The QBS-ar index sums up
these scores. The treatments did not show significant dif-
ferences. NT0 = NT at 0 kg N ha-1; NT2 = NT at 90 kg N
ha-1; CT0 = CT at 0 kg N ha-1; CT2 = CT at 90 kg N ha-1.
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reliable indices possible for verifying the results
obtained in soil quality and health.
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