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Abstract

Several factors such as soil pollution and intensive agricultural management continuously damage the sustainabili-
ty of agricultural production, with potentially adverse effects on soil quality. It is important to create applicable and
valid soil quality indicators in order to both identify areas with potential productivity problems and monitor soil
quality changes due to a range of perturbations. In this work we compared several chemical and biological vari-
ables between a Mediterranean soil characterized by intensive horticulture that has been irrigated for 20 years with
moderately saline waters (IM) and an adjacent soil, subjected to a sustainable agricultural production management
and irrigated with plain water (SM). Soil sampling was repeated three times during a year in both sites. IM soil had
lower pH, organic carbon and total nitrogen compared to SM soil at all sampling times, while its electrical con-
ductivity was significantly higher at two sampling times only. Potentially mineralizable nitrogen pointed out signif-
icant differences only at the first sampling time, with lower levels in the SM soil. p-sitosterol, cholesterol and er-
gosterol varied significantly with sampling time and were influenced also by management. Statistical approach by
Principal Component Analysis highlighted a contrast between two groups of soil variables: potentially mineralizable
nitrogen and sterols mainly weighted on the first axis, while chemical properties, weighted on the second one. More-
over, the second axis separated the soil subjected to a sustainable agricultural production system from that sub-
jected to intensive practice management, while the first axis separated the third sampling data from the first two.

Key-words: soil management, soil quality indicators, potentially mineralizable nitrogen, sterols, univariate and mul-
tivariate statistical analyses.

1. Introduction changes due to a range of perturbations (Bolin-
der et al., 1999).

In the past, physical and chemical properties
were preferred as soil quality indicators to bio-
logical variables, which were considered too dif-
ficult to measure (Arshad and Coen, 1992).

Potentially mineralizable nitrogen (PMN)
shows the capacity of the soil to supply plant

available N by the conversion of organic nitro-

Soil is a natural resource that is not renewable
on a human time scale. Its performance may be
maintained in the long term by exploitation
compatible with its natural characteristics. Sev-
eral factors such as contamination by xenobi-
otics, depletion of soil organic matter, and irri-
gation with saline waters continuously damage
the sustainability of agricultural production,

with potentially adverse effects on soil quality
(Zalidis et al., 2002). It is important to create
applicable and valid soil quality indicators in or-
der to both identify areas with potential pro-
ductivity problems and monitor soil quality

gen to the inorganic forms. It is a useful indi-
cator of soil quality because N mineralization is
strongly influenced by environmental and an-
thropic induced changes (Duxbury and Nkam-
bule, 1994).
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Sterols, typical components of eukaryotic
cells, are good indicators of plant, animal and
microbial biomass (Ebraimzadeh et al., 2001;
Ibanez et al., 2000; West and Grant, 1987), nev-
ertheless it has been pointed out (Puglisi et al.,
2003) that more research is necessary in order
to evaluate better the potential use of sterols as
indicators of soil quality.

In this work, through the measurement of
several chemical and biological properties, we
monitored the performance of Mediterranean
soils, either intensively cropped and irrigated
with moderately saline waters for 20 years (IM),
or subjected to a sustainable agricultural pro-
duction system and irrigated with plain waters
(SM). Both univariate and multivariate statistical
analyses were performed in order to highlight the
crop system effects on different groups of para-
meters and to identify the more sensitive ones.
Soil sampling was performed in two consecutive
springs and in the autumn between, in order to
take the time effects into account as well.

2. Materials and methods

2.1 Soil and soil sampling

The study was conducted with two soil collect-
ed in the coastal area of Southern Italy, 20 km
from Bari. This area is characterized by
Mediterranean climate, with mild rainy winters
and warm dry summers (average annual tem-
perature is 16 °C and average annual precipita-
tion is 535 mm). The Intensive Management soil
(IM) was clay loam (sand = 33%, silt = 26%,
clay = 41%) Alfisol, intensively cropped with
tomato (Lycopersicon esculentum Mill.), parsley
[Petroselinum crispum (Mill.) Nyman ex A.W.
Hill] and several varieties of lettuce (Lactuca
sativa L.), with three crop cycles per year and
intensive tillage and mineral fertilizing, and with
scarce input of organic matter; it has been irri-
gated for the last 20 years with moderately
saline water (electrical conductivity 1.6-4.5 dSm').
The IM soil was compared with a neighbouring
Sustainable Management soil (SM) of similar
pedology (sand = 42%, silt = 24%, clay = 34%),
cultivated with the common fig (Ficus carica L.),
with minimum tillage, organic amendment, low
pesticide use and it is irrigated only in summer
with low-salt waters (Colombo et al., 2002).
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In both sites, five soil samples, each consist-
ing of four 3 kg sub-samples, were taken at a
depth of 0-15 cm from a surface of 1 hectare,
following a W scheme. Sampling was repeated
three times: April 2000, October 2000 and April
2001. Therefore 10 samples were analysed for
each sampling time, giving a total of 30 samples.
Samples were sieved at 2 mm and stored at 4°
C prior to analysis.

2.2 Soil chemical measurements

Soil texture, pH (H,O), organic carbon, total ni-
trogen and electrical conductivity of water ex-
tract (soil to water ratio 1:5) were measured us-
ing the standard methods recommended by Soil
Science Society of America (Page et al., 1982).

2.3 Potentially Mineralizable Nitrogen

For Potentially Mineralizable Nitrogen (PMN)
determination, soil samples were incubated at
30° C for 28 days. NO,-N and NH,-N concen-
trations in 0.5 M K,SO, soil extracts (1:4 soil:ex-
tractant w/v ratio) were analysed at 0, 7, 14, 21
and 28 days (Drinkwater et al., 1996). NH,-N
was determined according to the indophenol-
blue colorimetric method, while NO,-N was re-
duced to NO,-N in a Cu-Cd column and quan-
tified according to a modification of the Griess-
Ilosvay method (Keeney and Nelson, 1982).

2.4 Sterols

Cholesterol, B-sitosterol, and ergosterol were
extracted with methanol (Grant and West,
1986). The determination of cholesterol and f3-
sitosterol was made by GLC-MS after silanization
in pyridin with N,O-bis-(trimethylsilyl) trifluo-
roacetamide, esamethyldisilazane and trimethyl-
clorosilane in a 0.2:1:2:1 ratio. Ergosterol analy-
sis was performed by LC without prior silaniza-
tion, to avoid some interference peaks found in
GLC-MS (Puglisi et al., 2003). Coprostanol was
extracted and analysed by the same techniques
used for cholesterol and p-sitosterol, but it was
not detected in any sample.

In the second sampling time sterols data
were available in three samples instead of five
for each soil. Analysis was repeated three times
on three replicates in order to evaluate the in-
ternal variability of samples.

2.5 Data analysis

All statistical analyses were performed with
SAS software (SAS Institute, 1985).
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A mixed model analysis of variance (PROC
GLM, SAS Institute 1985), containing fixed and
random classification variables, was applied to
chemical and biological data in order to assess
significant differences between the two soils
studied here. A fixed factor has levels that are
determined by the operator, while a random
factor has levels that are chosen randomly from
the population of all possible levels (Sit, 1995).
A main effect to be detected and evaluated is
normally a fixed factor, while an effect that con-
tributes to the data spread is a random one. The
two main factors, namely the effects of cultural
practices (classification variable MANAGE-
MENT) and sampling time (classification vari-
able TIME), and their interaction were investi-
gated. MANAGEMENT was set as a fixed ef-
fect, TIME as a random one. The TIME*MANA -
GEMENT interaction was considered random
as well.

With the presence of fixed and random ef-
fects, statistical tests become more restrictive
and presumably more realistic (Snedecor and
Cochran, 1989). All significant effects were con-
firmed by Tukey’s test for comparison of means
in a fixed model.

All data were also analyzed with a multi-
variate reduction technique, principal compo-
nent analysis (PCA). The PCA technique pro-
jects the original data onto new axes (principal
components), which condense the main patterns
of the multidimensional data swarm. Each prin-
cipal component extracts a portion of the vari-

ance of original data, in decreasing amounts
from the first axis upward. Relationships among
samples are readily observed by plotting sam-
ple scores on the two or three dimensions of the
main principal components.

In this work samples were divided into 6
groups, INTENSIVE MANAGEMENT (IM)
and SUSTAINABLE MANAGEMENT (SM)
soils, at three sampling times. After the PCA, a
varimax rotation was performed (PROC FAC-
TOR, SAS Institute 1985) in order to maximize
the correlations between the original variables
and the axes.

3. Results and discussion

3.1 Soil chemical characteristics

Mixed model ANOVA of chemical properties
revealed some significant differences (Table 1).
Total nitrogen was the only variable signifi-
cantly affected by TIME (P < 0.05). MANA-
GEMENT effect (Table 1) significantly af-
fected (at least P < 0.01) pH, organic carbon,
and total nitrogen regardless of sampling time.
These parameters were lower in IM soil than in
SM soil (Table 2). Although organic carbon and
total nitrogen were inversely correlated with
electrical conductivity of water extracts (re-
spectively R? = -0.71 and R? = -0.59, P < 0.05;
degrees of freedom = 28), the IM soil did not
show sodic properties (Colombo et al., 2002);
thus, the drop of organic matter is not due to

Table 1. Results of mixed model ANOVA on the effects of TIME, MANAGEMENT and their interaction (TIME*MAN-
AGEMENT) on the chemical and biological soil characteristics.

Soil quality indicators Time Management Time * Management Model error
Df F P Df F P Df F P Df
pH (H,0) 2 6.01 ns 1 106.12 ok 2 0.25 ns 24
Organic Carbon 2 9.22 ns 1 309.41 o 2 0.33 ns 24
Total Nitrogen 2 62.44 * 1 34225  FEE 2 0.01 ns 24
Electrical Conductivity 2 1.22 ns 1 8.90 ns 2 3.92 * 24
PMN 6 28d 2 3.96 ns 1 0.69 ns 2 25.68 ok 24
Min.- N dO 2 0.33 ns 1 3.26 ns 2 10.74 ok 24
NO,-N dO 2 0.30 * 1 2.90 ns 2 11.58 ok 24
NH,-N d0 2 20.47 ns 1 2.45 ns 2 8.70 ok 24
Min. N d28 2 1.18 ns 1 2.03 ns 2 28.82 ok 24
NO,-N d28 2 1.20 ns 1 1.99 ns 2 28.69 otk 24
NH,-N d28 2 1.27 ns 1 0.75 ns 2 1.20 ns 24
Cholesterol 2 32.57 * 1 4.51 ns 2 7.62 ok 20
p-Sitosterol 2 15.20 ns 1 7.43 ns 2 241 ns 20
Ergosterol 2 620.42 ok 1 38.62 ok 2 0.08 ns 20

Significant levels: *P < 0.05, **P < 0.01, ***P < 0.005, ns = not significant.
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Table 2. Means = standard errors (n = 5) of soil chemical data.

Soil chemical characteristics I (April 2000)

IT (October 2000) IIT (April 2001)

SM M SM M SM M
pH (H20) 81x01a 72=x04b 82=x01a 75+01b 84=x02a 77=x08b
Organic Carbon (g kg-1) 186+22a 108+22b 18.6+x28a 120+18b 20.8=17a 129x17b
Total Nitrogen (g/kg-1) 19+01a 13=x03b 19x02a 12+01b 19+02a 13=x02Db
C/N 10.1+1.3 88 =15 10.0 £ 0.6 9806 11.0+0.6 101=0.6
Electrical Conductivity(dSm-1) 0.14 £ 0.01c  0.35 £0.1ab 0.23 +0.02 bc 0.40+0.1a 020+0.1c 0.25=%0.1 bc

Values with the same letter on the same row are not significantly different at P < 0.05) according to Tukey’s test. SM = Sustain-

able Management soil; IM = Intensive Management soil.

dissolution and dispersion in the presence of
Na*, followed by erosion and leaching (Nelson
and Oades, 1998). Actually the organic matter
content in the soil IM, lower than in the SM
soil, was due to the lack of organic amendment
and to the intensive soil tillage that increase the
oxidation of soil organic matter how evidenced,
particularly, in soils of semiarid regions (Mann
1986).

No sensible differences were found for the
C/N ratio, the average value of which was about
10 in all soils (Table 2); this point out a soil or-
ganic matter that is stable and well humified
though subjected to the mineralization process-
es that are usual in a Mediterranean climate.

The SM soil was significantly more basic
than the IM soil which appeared sub-alkaline
(Table 2). This was perhaps due to repeated ad-
ditions of sulphur powder to the IM soil
(Colombo et al., 2002); it is likely that sulphur
oxidation to sulphate by Thiobacillus bacteria,
was responsible for the lowering of pH in this
soil.

The electrical conductivity (EC) of water ex-
tracts (Table 2) was significantly higher in the
IM soil than in the SM soil at the first two sam-
pling times (MANAGEMENT*TIME effect, P

< 0.05). For the same soils, Colombo et al. (2002)
have reported only a small increase in sodicity
due to salty irrigation waters (2.5% and 5.1%
as average levels of Exchangeable Sodium Per-
centage, respectively for SM and IM soils).

3.2 Soil biological characteristics

Potentially Mineralizable N (PMN) resulting
from the net mineralization of the soil organic
nitrogen pool was measured as the difference
between the mineral nitrogen (NO,-N plus
NH,-N) content after 28 days (d 28) of incuba-
tion at 30° C and that at time zero (d 0), i.e. at
the beginning of incubation (Table 3). In both
soils, mineral N mainly consisted in NO,-N (96-
99%) and marginally in NH,-N (1-4%). This
trend is coherent with the used method under
aerobic condition that favoured the fast oxida-
tion to nitrate of ammonium by autotrophic ni-
trifying  bacteria. Therefore, denitrification
processes were likely to be negligible. Nitrate al-
so accumulated by the lack of plant assimilation.

In the first sampling time, the PMN was
higher in the IM soil than in the SM one, sug-
gesting a higher activity of micro-organisms in-
volved in nitrification process, whereas similar
nitrogen mineralization rates in both soils in the

Table 3. Means + standard errors (n = 5) of nitrogen mineral forms and potentially mineralizable nitrogen (PMN) data.

Mineral N I (April 2000) IT (October 2000) IIT (April 2001)

SM ™M SM ™M SM M
Min.-NdO (ug g-1) 6.1£1.8 ¢ 82.0+151a 21.8+40bc 282+48bc 263+6.6 bc 54.9+38.0 ab
NO3-NdO (ug g-1) 59+1.7 ¢ 81.0+143a 21.0+38bc 27.0+£39bc 193+6.7bc 4393120
NH4-NdO (ug g-1) 02+0.1 ¢ 1.0+£13 ¢ 08+03c 12+1.0 ¢ 70+1.0b 11.0+£1.7 a
Min.-Nd28 (ug g-1) 39.5+113b 159.0£254a 354+49b 437x72D 344+93b 563313 b
NO3-Nd28 (ug g-1) 388=+113b 158.0+256a 347+49b 419+78b 326+£9.7b 547+312 b
NH4-Nd28 (ug g-1) 0.7+02 a 1.0+£0.5 a 0.7+02a 1.8+2.1 a 1.8+15 a 1.6+04 a
PMN 6d28 (ug g-1) 334+120b  77.0x122a 13.6+2.6c  155+4.2C 81+3.1c 14+99 ¢

Values with the same letter on the same row are not significantly different at P < 0.05) according to Tukey’s test. SM = Sustain-

able Management soil; IM = Intensive Management soil.
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Table 4. Means * standard errors (n=5 per the 1% and 3™ sampling data; n=3 per the 2™ sampling data) of soil sterols con-

centrations.

Soil sterols I (April 2000)

11 (October 2000) IIT (April 2001)

SM M SM M SM M
Cholesterol (ug g-1) 0.8+0.1c 02+01d 06+ 01c 06+0.1c 21+02a 1.7+02b
pB-Sitosterol (ug g-1) 44+07bc 23+05d 40+£07cd 26+05d 63+05a 58 +1.4 ab
Ergosterol (ug g-1) 33+04b 15+08b 22+06b 1.0:£02b 112+30a 92+34a
Coprostanol (ug/g ds) n.d. n.d n.d. n.d. n.d. n.d.

Values with the same letter on the same row are not significantly different at P < 0.05) according to Tukey’s test. SM = Sustain-
able Management soil; IM = Intensive Management soil. Data already reported in Puglisi et al. (2003).

other sampling times were observed (Table 3).
Moreover at the second and third sampling
time, PMN values were significantly lower than
at the first one. Particularly, microbial mineral-
ization activity showed a reduction about of 0.4
to 1.2 order of magnitude from first sampling
time to the last one (Table 3). Significantly high-
er NH,-N contents in both soils at third sam-
pling time (Table 3) confirmed a slow downing
of mineralization process than others two peri-
ods. The Min-N content was higher in the IM
soil with respect with the SM one at first sam-
pling time also (Table 3) (TIME*MANAGE-
MENT effect P < 0.005, Table 1), confirming a
higher nitrogen availability in this soil. Differ-
ent authors (Broadbent and Nakashima, 1971;
McCormick and Wolf, 1989) noted that en-
hanced net mineralization in salty soils could
derive from desorption/solubilization of en-
dogenous organic matter and from osmotic ef-
fects on micro-organisms that were releasing
substrates rich in nitrogen and carbon. In spite
of that, similar EC values at the first and at the
second sampling times in the IM soil (Table 2)
did not suggest any implication of soil salt con-
tent on nitrification activity. On the contrary,
what reported at first sampling time could be
due to the different fertilizer management in the
two soils; the high NO,-N levels in the IM soil
(Table 3) (TIME effect P < 0.05, Table 1), in
fact, were comparable to the contents of inor-
ganic N detected in recently fertilized agricul-
tural soils (Meli et al., 2002).Our results, how-
ever, show that ammonium oxidizing micro-or-
ganisms tolerate moderate saline conditions
well. Sterols data for these soils have been al-
ready published (Puglisi et al., 2003) and have
been used here in order to relate them with oth-
er chemical and biological properties.
Coprostanol is an important bio-marker of

fecal contamination (Gonzélez-Oreja and Saiz-
Salinas, 1998). As said before, it was absent in
all the samples, thus indicating no fecal pollu-
tion in these soils (Table 4).

[-sitosterol is the main vegetal sterol; its con-
centration increases during plant development
and it represents more than 70% of all sterols
found in several species (Ebraimzadeh et al.,
2001). No significant differences were detected
by mixed model ANOVA for this sterol (Table
1). Tukey’s test for comparison of means, be-
sides, evidenced f-sitosterol higher contents in
the SM soil than the IM one only at first sam-
pling time, showing for both soils the higher lev-
els at third sampling time than the others peri-
ods (Table 4). This statistical analysis, different-
ly of ANOVA, confirm what reported by Bull
et al. (2000) which evidenced that this bio-indi-
cator is related to soil management and de-
composing plant matter.

TIME effect was significant for cholesterol
(P < 0.05) and ergosterol (P < 0.005) (Table 1);
both these sterols had a higher concentration
at the third sampling equally to B-sitosterol
(Table 4).

Cholesterol, an indicator of micro and meso-
fauna biomass in soils (Ibanez et al., 2000), was
lower in the IM soil at spring time (first and
third sampling times, Table 4; TIME*MAN-
AGEMENT effect, Table 1). Its soil content,
however, was influenced by organic amendment
according to Ibanez et al. (2000).

The MANAGEMENT effect (Table 1) was
significant for ergosterol (average concentration
was 3.9 ug g' in the IM soil and 5.6 ug g' in
the SM soil), considered an indicator of living
fungal biomass in soils (Stahl and Parkin, 1996).
Its soil content was increased more by ecologi-
cal soil management than conventional one, ac-
cording to Castillo and Joergensen (2001). It is
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Table 5. Principal component analysis performed after a varimax rotation on the chemical and biological parameters stud-
ied. For each axis (factor) the scores of each variable, which express the weight on the factor and the proportion of vari-
ance explained by each factor, are reported. Scores > [0.7] are in bold letters.

Soil Quality Indicators Factor 1 Factor 2
Cholesterol 0.94 0.24
3-sitosterol 0.87 0.36
Ergosterol 0.93 0.05
pH (H,0) 0.16 0.86
Organic C 0.26 0.92
Total N 0.06 0.93
Electrical Conductivity -0.30 -031
PMN & 28 days -0.77 -0.17
Proportion of variance explained 40.90% 39.20%

well known, moreover, that organic amendment
increase ergosterol soil concentration (West et
al., 1987). This result is in good accordance with
the evidences reported by Crecchio et al. (2004),
about the same orchards, which recorded that
the soil ATP contents, used either as a estimate
of soil biomass size (Sparling and Eiland, 1983)
or microbial activity (Fairbanks et al., 1984),
were significantly affected by cropping system,
being lower in IM soil than SM one. The re-
markable ergosterol increment at third sampling
time than the others two (Table 4) could be re-
lated to the variability of its content reported in
natural soil environments (Newell 1992); never-
theless, it is known that the ergosterol content
of fungal cells varies depending on species and
environmental conditions (Tunlid and White,
1992). At the same time, particularly, soil ATP
contents rose significantly (Crecchio et al.,
2004). This evidence is coherent with the rising
of sterols (Table 4) which were negatively cor-

1.5
<
o, A
1 % .
A
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1 L] - * A
A5 :
L}
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Figure 1. Principal component analysis after a varimax ro-
tation on the chemical and biological parameters studied.
Sustainable Management soil is in white, Intensive Man-
agement soil is in black. Squares, triangles and diamonds re-
fer respectively to the first, the second and the third sam-
pling data.
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related with PMN (Table 5), confirming N im-
mobilization by soil living organisms.

3.3 Principal Component Analysis

All data were analyzed by means of PCA fol-
lowed by varimax rotation. A clear distinction
among groups of variables was obtained (Table
5). Sterols and PMN were weighted on the first
axis, while all chemical properties were on the
second one (Table 5). Scores of the first two ax-
es (40.90% and 39.20% of variance explained
each) were plotted on a two-dimension chart
(Figure 1). IM soil was separated from SM soil
along the second axis, while samples of the third
sampling time were separated from the others
along the first axis; nevertheless a distinction on
this axis between the IM soil and the SM soil
was confirmed (Figure 1).

PCA results are useful when it is possible to
identify and give meaningful global names to
homogeneous groups of variables that con-
tribute to the definition of some axes. In this
case we have: I — an axis of chemical properties
(Table 5), which separate IM from SM soils; IT
— an axis of the three sterols and of the PMN
strongly correlated each together (Table 5),
which separates the third sampling data from
the other data confirming the separation be-
tween IM and SM soils. It is related to all the
significant variables for the MANAGEMENT
effect of ANOVA: organic carbon, total nitro-
gen, and pH (Table 1); moreover it is related to
electrical conductivity of soil extract which is
significant for the TIME*MANAGEMENT in-
teraction (Table 1). This axis from here may be
called “MANAGEMENT" axis.

The first axis is related to soil biological
properties, sterols and PMN. Among them, er-
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gosterol and cholesterol are significant for the
TIME effect as well as for MANAGEMENT ef-
fect and TIME*MANAGEMENT interaction
respectively, while PMN is significant only for
the TIME*MANAGEMENT interaction; there-
fore this axis may be called “TIME” axis.
What was shown by PCA is that all chemi-
cal properties were more affected by crop man-
agement than by sampling time. The opposite
was true especially for sterols and PMN, which
changed mostly with sampling time showing a
major sensitivity respect to TIME factor. The
reason why these bio-markers showed so high
differences along the sampling times may be
due to agronomic and/or climatic different con-
ditions occurred but, this could be answered on-
ly by a conduction of a long-term experiment.

4. Conclusions

Twenty years of horticultural management char-
acterized by intensive soil tillage and low or-
ganic matter input, changed soil chemical prop-
erties decreasing significantly the levels of or-
ganic carbon and total nitrogen when compared
with a sustainable agricultural management. Ir-
rigation with moderately saline water had not
increase so hardly the salt concentration of soil
which did not show sodic properties

PMN was higher in IM soil at the first sam-
pling time only, whereas the three sterols object
of study were affected by different soil man-
agement and by sampling time: -sitosterol, cho-
lesterol and ergosterol changed significantly
with time, showing higher levels at the third
sampling time. Particularly, ergosterol content
was found to be a reliable bio-indicator of in-
tensive horticultural management.

The higher content of the sterolic bio-mark-
ers in SM soil even though the evidenced sea-
son variability, indicated a higher biological ac-
tivity in this soil compared with the IM one, thus
showing the harmful effects of a lack of organ-
ic amendment and of intensive soil tillage on
the microbial biomass. On the contrary, it seems
that water irrigation quality had not inhibited
soil micro-organisms growth like showed by
PMN data.

PCA analysis evidenced that intensive and
sustainable managements were strongly related
to the chemical properties, sterols and PMN

were instead remarkably influenced by sampling
times. The chemical soil properties, together
with soil bio-indicator object of study, were con-
firmed, particularly in the short term, like ap-
plicable and valid soil quality indicators. This
was better highlight by the use of both univari-
ate and multivariate statistical analyses.

Further researches involving different soils
subjected to managements similar to the one de-
scribed here are however needed in order to ex-
tend and confirm the conclusions drawn from
the two soils studied here.
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