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Abstract: This study was conducted to evaluate the behavior of nitrate, moisture and organic matter
in a soil with low agronomic input. The test was conducted on silty-sandy soil, a temporal variability
of the variables in the different seasons was observed in the three theses. The theses were observed
in parallel twice a week. Nitrates showed an increase during the summer-autumn season with
higher values in the thesis containing organic matter, “bare soil” followed by the thesis “fallow”
and finally by the “cultivated” (see below in experimental set up). The humidity was higher in the
“bare soil” thesis followed by “fallow” and “cultivated” one during the summer, in winter the “cultivated” showed the lowest humidity compared to the other two theses. The organic matter does
not show great variability in the seasons but is higher in the “fallow” thesis followed by “bare soil”
and “cultivated” one. The Montecarlo test informed us that organic matter and humidity were autocorrelated within 5-7.5 m of distance (10-15 lag) while nitrates even if they seemed to be not autocorrelated with each other and have a cyclical pattern.
Keywords: nitrates; moisture; organic matter.

1. Introduction
The nitrogen constitutes on average 1-3% of the dry substance of mature and fine
tissues of plants, 5-6% of that of young tissues. 95-98% of nitrogen of soil is in organic
form; 2-5% is present in the soil in ammoniacal form; of this high amount of total nitrogen
present in the soil only 1% can be found in nitric form, that is a chemical form easily absorbable by plants (web site: Azoto nel terreno). Nitrogen (N) is an essential element required for successful of plants growth. It is the main form of the element absorbed by the
most plants (Brady et al., 2008). The N cycle process in the soil–plant system is very complex: fixation, mineralization and nitrification increase available N for plants, inversely
denitrification, volatilization, immobilization, and leaching result in N losses from the
root zone (Nutrient Management 2009). Nitrogen, in its oxidate form, nitrate, represents
the most important nutrient source for the plants. This form is easily leached by rain and
copious irrigation because it is particularly soluble in water. Mineralization occurs largely
through biological activities that are temperature and moisture dependent (Agehara and
Warncke, 2005; Stevenson, 1986). Kemmitt et al. (2008) suggested that N mineralization is
not regulated by the size, composition, or activity of the soil microbial biomass, rather, an
abiological process termed the “regulatory gate” controls the rate-limiting step of N mineralization. Knowledge of the nitrogen (N) available to crops during the growing season
is essential for improving fertilizer-use efficiency and avoiding excess of nitrogen fertilizer
supply. When the application rate of nitrogen fertilizer was increased, yield content also
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increased (Liu et al. 2014). High levels of nitrate may further lead to severe pathologies in
humans, so cultivating edible crops with low nitrate content is very important (Mensinga
et al., 2003). The Joint Expert Committee of the Food and Agriculture (JECFA) Organization of the United Nations/World Health Organization and the European Commission
(EC) Scientific Committee on Food have also set an acceptable daily intake for nitrate of
0–3.7 mg·kg−1 body weight (Santamaria et al., 2006). Also, organic ma er (OM) content
can impact soil N supply (Dharmakeerthi et al., 2005; Subbarao et al., 2006) by influencing
the activity of microorganisms and the concentrations of ammonium and nitrates in the
soil solution (Delin and Lindén, 2002) found that N mineralization was controlled by organic matter (OM) and clay content. Soil OM is a heterogeneous mixture of organic compounds with variable molecular weights and physical locations in the soil (e.g., in the soil
solution, adsorbed onto clay minerals, on the external or internal surfaces of aggregates).
The labile fractions in soil OM containing N are of greatest relevance, because they are
involved in the mineralization–immobilization reactions that control the supply of plantavailable nitrogen (N) (Duxbury et al., 1991; Gregorich et al., 1994; Haynes, 2005). Mineral
nitrogen content of soil varies temporally and spatially (Diacono et al.,2012) due to agricultural management history, soil properties and environmental conditions (Luce et al.,
2011). Recent studies have shown that N mineral content determined through biological
methods in laboratory, is too high respect to chemical methods, probably it due to sample
handling, and to lack of no fast, accurate and serial methods that reflect really field conditions (Benedetti and Sebastiani,1996).The objectives of the present study were: to monitor trend over time of nitrates, organic matter and moisture content of soil in three different agronomical conditions (bare, fallow and cultivated soil) at three different depths during months; to assess spatial and temporal variability of these parameters on linear transect and square as reference parameters to validate the meaning of the observations.
2. Materials and methods
2.1. Site, climate and soil
The trials reported in the following study have been carried out in the experimental
field of the CRA-CAT (Scafati SA, Italy). The local climate consisted of mild winters and
hot and rainless summer. The soil wass formed by alluvial deposits mixed with volcanic
materials. The soil of the field was classified as Vitric Andosol Calcaric, according to the
classification WRB 2006. There were two type A minerals horizons, developed by surface
layers modified by agricultural activities (horizon Ap1 and Ap2) (Basile A. and Terribile
F., 2008). The soil on which the test was carried out was sandy-silty texture, so it was a
well-oxygenated soil that does not suffer from water stagnation during winter (Table1).
Table 1. Characteristics of soil.

Characteristics of soil
pH
sand
silt
clay
CaCO3
Organic Matter
Total Nitrogen

8,7
>75%
18%
5-7%
8 g Kg-1
17 g Kg -1
1,3‰

2.2. Experimental set up
The study was carried out with a frequency of about three days starting from May
2012 to July 2013: the months of the year separated into summer and winter; the months
from May to October were considered summer, while the months from November to April
were considered winter. The theses studied were bare soil, fallow and cultivated. First
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thesis contained the organic matter deriving from radical residues of turf removed by
manual weeding (bare soil), the second thesis was constituted by an uncultivated soil covered by stable sward (fallow) and the last thesis was without vegetation, with low organic
matter content due to repeated plowing, without addition of organic matter and mineral
fertilizers (cultivated). The samplings were made at three different depths: between 0 and
10 cm (referred to the depth 10), between 10 and 20 cm (referred to the depth 20) and
between 20 and 30 cm (referred to the depth 30). The measurements made simultaneously
in three theses. Other measurements were made on a square of soil and on consecutive
days to see if the spatial variability was different from the temporal variability. Twenty
samples collected on the same line in the same day at a distance of 10 cm for a total of 2 m
in length, the same thing was done for 20 consecutive days on lines parallel to the first at
a distance of 10 cm using a total of 2 m wide, the samples were taken at a depth of 10 cm,
obtaining 400 total samples. Hundred soil samples were collected over soil of 100 m in
length at 0.5 m away on a linear transept to test the variability in the space of the variables
examined. Parameters measured were humidity, nitrates and organic matter. The moisture level achieved in the soil was monitored gravimetrically at 378.15 K and expressed in
percent of dry weight. Nitrates and organic matter were monitored with a UV-Vis spectrophotometer (DU 64 Beckman Coulter S.r.l.), reading at two wavelengths (220 nm and
275 nm) according to official method used for clear water with low content of organic
substances (Merafina P, 2003). The standard solutions prepared with potassium nitrate at
known concentrations of 0, 1.3, 3, 4.5, and 6 ppm.
The organic matter was calculated with the absorbance readings at 275 nm, the spectrophotometric readings measured the organic substance only in terms of comparison between the theses but with the use of appropriate standards they can easily be transformed
into absolute values (Albrektienė et al., 2012).
2.3. Data analysis
All data were elaborated with free software R project for statistical computing, version 3.5.1 (R-package used car, PMCMR, conover, sp, gstat, geoR). Normality of distribution of variables was verified by the Shapiro–Wilk test. Since the studied variables resulted non-normally distributed, homoschedasticity was verified by Levene’s Test for
non-parametric data.
Data homoscedasticity were analyzed using Kruskall-Wallis’s test and conover test,
adjusted using the Bonferroni method, as post hoc. The comparison for heteroschedastic
data was made by Friedman’s test and confirmed by Nemeny-Damico-Wolfe-Dunn post
hoc test.
For all analysis, a p-value <0.05 was significant.
We consider the results of the transept to study spatial variability, computing experimental variogram by Monte Carlo test to calculate spatial autocorrelation of parameters
studied (Omodame M., 2012).
3. Results
The humidity showed significantly different values in the three theses (p=0.0000)
with higher averages in the thesis bare soil (29.01%) followed by, fallow (27.08%) and cultivated soil (18.16%).
Naturally the humidity was lower in summer than in winter with an average of
21.40% and 29.72% of dry weight of soil respectively (p=0.0000).
As showed by Figure 1, during the winter period, the bare soil and fallow theses were
not statistically different from each other (p=1); the summer fallow was not different from
the winter cultivated (p=1); during the summer the theses were all statistically different
from each other (p = 0.0000); during the summer and winter seasons the cultivated thesis
has lower values than other theses (p=0.0000).
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As regards the effect of depth on the soil water content, there was a slight reduction
moving from 10 to 30 cm (25.34% at 10 cm, 24.33% at 20 cm and 24.58% at 30 cm), but the
differences were not statistically significant (p>0.05).
No statistical difference was observed between bare soil thesis at all depths and fallow thesis at 10 cm (p>0.05), while other comparisons are all different between them.
During the winter the soil humidity at a depth of 20 cm did not differ from that at 30
cm, during the summer the three depths could not be distinguished from each other (p=1).
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Figure 1. The soil moisture averages of summer and winter seasons in different theses.

The variability of the water content depended on the soil conditions: the bare soil
showed a lower variability due to the absence of vegetation that would remove more
moisture in the absence of rain, but at the same time it had a good percentage of moisture
compared to the other two theses due to the presence of organic residues of removed turf,
they tended to retain moisture in the soil. It was known that the organic substance on the
one hand retains moisture and on the other hand allows a better flow of excess water in
soil. It was known that the “variability of water content in the soil treated with compost
was smaller than the one recorded for the areas with nitrogenous fertilizer, at 5 and 10 cm
of depth” (Napolitano, 2011). Fallow presented greater variability, because the presence
of organic residues retained moisture but on the other it presented absorption by the turf
which subtracted water from the soil in the absence of rain. The lower moisture content
of the cultivated soil was due to its low organic matter content caused by the oxidation of
repeated tillage, so it had less ability to be a reservoir for water and to have a better soil
structure.
The trend of humidity during the months showed a lower water content from May
to August, obviously a little different in the years due to the seasonal trend; from the Figure 2, the same months had different humidity in different theses.
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Figure 2. The moisture values during different months.

The nitrate determinations in the different theses had shown that the cultivated had
lower values than the other two theses (Figure 3) and comparisons were all statistically
significant with a p=0.0000.
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Figure 3. The soil nitrate averages in three theses.

The nitrate values showed a reduction for the three depths going from 10 to 30 cm
(Figure 4), statistically significant (p=0.0000, p=0.0000 and p=0.0219).
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Figure 4. The soil nitrate averages at three depths.

The differences between winter and summer revealed nitrates low levels during the
winter season with an average of 50.92 ppm and an average of 94.52 ppm during summer.
Observing the three separate theses, in two seasons, a different behavior was showed
(Figure 5): the bare soil showed a larger nitrate explosion during the summer than the
other theses. During the summer there was a greater production of nitrates because the
microorganisms were mineralizing the organic residues of the remaining roots and the
nitrates produced were not absorbed by the vegetation.
In the figure 5 the winter fallow did not differ statistically from the summer fallow
(p=1) and from winter bare soil (p=0.0678). During the summer comparisons between the
theses presented highly significant differences (p=0.0000).
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Figure 5. The soil nitrate averages in summer and winter seasons in all theses. .

As can be seen from Figure 6 in the different months there were different averages,
the months from May to October 2012 and from April to July 2013, named summer
months, presented high averages of nitrates while the months from November 2012 to
March 2013, named winter months, had low values. The low values were due to immobilization by soil bacteria and other physico-chemical dynamics. In the summer months the
soil had the prevalence of processes that increased mineral nitrogen available by plants
compared to those that determine the loss of nitrogen in root zone, consequently we had
in all theses a natural explosion in nitrates production during summer season at different
levels. The statistical comparison between the months indicated a similarity within the
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periods of each season, even if there was a similarity between some winter months with
the first summer months of first year examined.
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Figure 6. Monthly averages of soil nitrates content during the years 2012-2013.

Regarding organic matter monitored in the three theses and expressed as Abs at 275
nm (figure 7), the cultivated showed lower content of organic substance followed by bare
soil and fallow, with significant statistical differences (p=0.0000).
The presence of vegetation contributed to keeping a certain amount of organic substance in the fallow to as well as in the bare soil theses; although to a lesser extent, the
radical residues of the removed grass turf in bare soil had left organic residues in the soil.
The cultivated soil had a lower content of organic matter being the soil repeatedly ventilated by tillage (Figure 7). The continuous oxidation of the soil tended to consume the
organic matter present over time.
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Figure 7. Soil organic matter content in different theses.

Keeping separate the theses in the two seasons, it emerged that there was no statistical difference in the comparisons within each thesis between summer and winter, so this
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parameter seemed to be more stable throughout the year than the other parameters examined in this study (figure 8).
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Figure 8. Soil organic matter content in theses.

Indeed, the comparison between summer and winter seasons (figure 9) was statistically significant (p = 0.0027).
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Figure 9. Soil organic matter in summer and winter seasons.

The values of organic matter content showed a reduction in the averages with increasing depth (Figure 10) and, statistically, they were significant (p=0.0000). Comparing
the organic substance soil content at the three depths in the two seasons (Figure 11), it
emerged that within the same depth there was no difference between the seasons.
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Figure 10. Soil organic matter content at three depths.
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Figure 11. Organic matter of soil at all depths in summer and winter seasons

During the months there was some variability similar in all theses (Figure 12) although at different levels, a decrease in the organic material was observed in the months
of December, January, May and June in all theses simultaneously. Probably this behavior
of the organic matter was due to the different trend of the meteorological parameters during the months of year.
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Figure 12. Soil organic matter content in different months.

From the study of the square, nitrate values showed greater variability in space
(p=5.598 e-15) than in time (p=1.85 e-06), although significant comparisons were few. Humidity had shown similar variability in space (p= 2.2e-16) and in time (2.2e-16). Finally,
the organic matter had shown greater variability over time (p = 0) than space (p = 0.0098).
For the transept, we observed a spatial variability (humidity with p = 0.0001158, nitrates with p = 0.01678 and organic matter with p = 0.00236) that did not fully emerge in
the square. This due to the small size of the square's sampling area.
In figure 13,14 and 15 we find experimental variogram of humidity, nitrates and organic matter, validated by Monte Carlo test: only some lag of humidity (up to 10 lag or 5
m) and organic matter (up to 15 lag or 7.5 m) were autocorrelated; nitrate values were not
autocorrelated and showed a cyclical trend.
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Figure 13. Envelop Monte Carlo (dotted lines) of the empirical variogram (points) of humidity.
Since not all points lie within the envelope it is concluded that spatial dependence influences significantly the process.

Figure 14. Experimental variogram of nitrates, in it all points lie within the envelope it is concluded that spatial dependence does not influence significantly the process.
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Figure 15. Envelop Monte Carlo (dotted lines) of the empirical variogram (points) of organic matter. Since not all points lie within the envelope it is concluded that spatial dependence influences
significantly the process.
.

4. Discussion and Conclusions
This study has shown that the differences between the three parameters studied (humidity, nitrates and organic substance) in the three theses were all statistically different
from each other. Nitrates and humidity ranged with the depth of the soil (at least up to 30
cm) and the season. The humidity increased in the theses that presented organic plant
residues and in the winter season. Many environmental factors interfered with nitrogen
mineralization, in fact it was known that N mineralization is affected not only by soil
moisture but also by many other factors such as changes in soil microbial communities,
temperature, litter input and soil organic matter (Abera et al., 2012). A study in laboratory
incubation tests it was found that after some specific times of incubation, increases in soil
moisture content enhanced N mineralization in in the loamy sand and loam soils (Kasetsart J., 2005)
Nitrates had, in our observations, a high value in bare soil and uncultivated theses
rich in organic matter, nitrates were high in the summer months while maintaining different levels of concentration in the theses. These observations are confirmed by Crohn
and University of California. Cron said that the immediate availability of nitrogen was
greater in summer than in winter, the mineralization of available nitrogen should always
be monitored to avoid excesses with respect to crop needs and the mineralization was
faster in warm and moist soils and slower in soils that were cold or dry (Crohn D.,2004)
The University of California reported that mineralization was faster in hot and humid soils and slower in cold or dry soils and nitrogen mineralization can occur when the
crop is small or absent (e.g. after summer harvest or before the vegetative restart); the
mineralization rate of the organic matter was influenced by various factors such as the
presence of organic matter, the structure of the soil, the intensity of the soil tillage and
other factors, so it was difficult to gauge (web site 2009. University of California).
The presence of nitrates depended, in our study, on the presence of cultivation or
organic residues.
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In fact previous studies said that all plant covers have a « nitrate trapping » effect
and that the longer the interval between the destruction of the cover crop and the planting
of the following crop, the larger will be the contribution of mineral nitrogen from the cover
crop residues to the end of winter. (Cohan J.P. 2009)
The organic substance showed a lower concentration during the summer. The organic matter tended to be less variable during the year, there was a decrease in the months
of December, January, May and June. Many studies had been done on the effects of drying
and rewetting on soil processes, particularly on respiration (e.g. Franzluebbers et al., 2000;
Mamilov and Dilly, 2002) , on N mineralization (Fierer and Schimel, 2002; Mikha et al.,
2005), on biomass growth and on mobilization and metabolization otherwise unavailable
soil carbon (Xiang S.R,2008).The climate change leads to an intensification of the hydrological cycle, an increase of evapotranspiration and drought in the soil combined with
more intense storms (Milly et al., 2002; Huntington, 2006).
Our test showed a spatial variability in all the parameters; the nitrates and the humidity had greater spatial and temporal variability with respect to the organic substance.
The nitrates of the transept studied by the Monte Carlo test did not indicate spatial autocorrelation with respect to the other two parameters (it did discordant with previous research); organic matter and humidity showed autocorrelation up to 10-15 lag corresponding to the 5-7.5 m distance between the samples. In conclusion we can say that there was
a certain spatial and temporal variability in all the variables. This reason makes it desirable
to intervene with Precision Agriculture and sustainable management practices, so that we
can identify uniform areas (for the characteristics of the soil) and uniform seasonal periods; and how it was said “it might be the key to a successful cultivation in Mediterranean
environment “(Basso et al., 2011).
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