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Abstract

When soil nitrate levels are inadequate, plants suffer nitrogen deficiency but when
the levels are excessive, nitrates (NO3-N) can pollute surface and subsurface waters.
Strategies to reduce the nitrate pollution are necessary to reach a sustainable use of
resources such as soil, water and plant. Buffer strips and cover crops can contribute5

to the management of soil nitrates, but little is known of their effectiveness in semiarid
vineyards plantations. The experimental site, a 10 m wide and 80 m long area at the
bottom of a vineyard was selected in Sicily. The soil between vine rows and upslope of
the buffer strip (seeded with Lolium perenne) and non-buffer strips (control) was man-
aged conventionally and with one of two cover crops (Triticum durum and Vicia sativa10

cover crop). Soil nitrate was measured monthly and nitrate movement was monitored
by application of a 15N tracer to a narrow strip between the bottom of vineyard and
the buffer and non-buffer strips. L. perenne biomass yield in the buffer strips and its
isotopic nitrogen content were monitored. V. sativa cover crop management contribute
with an excess of nitrogen, and the soil management determined the nitrogen content15

at the buffer areas. A 6 m buffer strip reduce the nitrate by 42 % with and by 46 % with
a 9 m buffer strip.

1 Introduction

Mediterranean agriculture soils are suffering from intense land degradation (Cerdà
et al., 2010) due to the intensification of the agriculture practices. This intensification20

results in herbicides and pesticides abuse, which trigger a biological degradation of the
soil (Garcı́a Orenes et al., 2009), and increase in soil erosion (Cerdà et al., 2009a). The
impact of new agriculture systems (highly mechanized, chemical farming and irrigated;
see Cerda et al., 2009b) contribute to new environmental problems, and soil and water
pollution is one of those (Semaan et al., 2007) due to the intensification of agriculture25

and the lack of new strategies to avoid these problems. A new generation of farmers
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applies new strategies to avoid those environmental problems. An example is the use
of catch crops to maintain the soil fertility (Novara et al., 2011), or the use of geotextiles
to reduce the soil losses (Giménez Morera et al., 2011).

Over the last decades in the semiarid Mediterranean environment, high external in-
puts of nitrate and irrigation in intensively managed agricultural systems have reduced5

surface and subsurface water quality (Butturini et al., 2003; Lassaletta et al., 2009).
In particular, vineyard soils that are conventionally managed and frequently tilled, and
thus frequently have bare soil, are prone to a high rate of organic matter mineralization
and to nitrate leaching (Cerejeira et al., 2000). There are other crops in the Mediter-
ranean that suffers similar problems such as the olive plantations (Gomez et al., 2009)10

under rainfed production; but also on drip irrigated land Cerdà et al. (2009) found an in-
crease in soil erosion rated and soil degradation. However, and although vineyards are
moving fast to drip irrigation and chemical fertilization, little research is being conducted
to determine the environmental impacts of the land management change.

To reduce the loss of nitrate in soils and the pollution of ground and surface water,15

European directives have favored good agricultural practices, such as the reduction of
mineral nitrogen fertilization or the establishment of vegetated buffer strips (Council Di-
rective 91/676/EEC, 1991). Buffer strips are vegetated zone adjacent to agroforestry or
crop fields that intercept and “treat” the water leaving the cropland (Dillaha et al., 1988;
Dosskey, 2001). By filtering the runoff water and by taking up nutrients, buffer strips re-20

duce the movement of sediment, nutrients, and pesticides from agricultural lands into
the ecosystem (Borin et al., 2002, 2010; Patty et al., 1997; Popov et al., 2005; Rank-
ins et al., 2001; Schmitt et al., 1999; Tingle et al., 1998). Buffer effectiveness depends
on buffer characteristics such as surface hydraulic properties, vegetation species, soil
type and slope morphology, and buffer width (Balestrini et al., 2011; Bharati et al., 2002;25

Dunn et al., 2011; Schmitt et al., 1999). Buffer strip efficacy is also affected by the agri-
cultural system (land management and crop) and the management practices used in
the buffered area.
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Nitrate leaching can also be reduced by cover cropping, which reduces soil erosion,
(Novara et al., 2011; Quinton and Catt, 2004) and increases organic matter, soil ag-
gregation, water infiltration, and water-holding capacity (Kuo et al., 1997; Villamil et al.,
2006). Although cover crops can decrease nitrate leaching (Ritter et al., 1998; Thom-
sen, 2005; Tonitto et al., 2006), leguminous cover crops can result in excess nitrate5

content in soil due to his capacity to fix nitrogen. This is a research field to be explored.
For vineyards, little information is available on how leguminous versus cereal cover

crops affect the distribution and retention of soil nitrate during the year. That information
is needed to avoid an excess or deficit in soil nitrate according to grapevine needs.

The goals of this study are to: (i) evaluate the spatial and temporal variation in soil10

nitrate content in a vineyard; (ii) compare the effects of alternative and conventional soil
management on soil nitrate content; (iii) compare the effect of leguminous vs. cereal
cover crops on soil nitrate dynamics over time; and (iv) evaluate the ability of buffer
strips of different widths to retain nitrate.

2 Materials and method15

The separated and combined effect of cover crop and buffer strip on nitrate dynamics in
vineyard was evaluate in Agrigento province (37◦35′12′′ N–13◦01′41′′ E), Sicily (Italy).
Soils around the study area (Fig. 1) are at high risk of nitrate contamination according
to a “map of nitrate vulnerable zone in Sicily” (scale 1 : 250000) developed by the
Sicilian regional government (Regione Sicilia, Decreto D.D.G. n. 121, 2005). Farmers20

in this area apply conventional soil management, which increases the levels of soil
nitrate in the groundwater. The nitrate content of the groundwater exceeds 50 mgL−1,
which is considered polluted (Nitrates Directive, 1991). During the period of observation
(March 2006 to May 2009), the ground water nitrate concentration always exceeded
130 mgL−1, with a maximum of 190 mgL−1 in summer (Fig. 1).25

The study was conducted in a vineyard that lies on a 260◦ slope with 7 % angle
slope. The area has a typical Mediterranean climate with dry, hot summers and moist
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winters. The mean annual precipitation is 516 mm. Most rain falls in autumn and winter,
and rainfall is highest in October (monthly mean rainfall of 81 mm) and lowest in July
(monthly mean rainfall of 2 mm). On average, 3 % of the mean annual rainfall occurs
during summer (June, July, and August) while 42 % occurs during winter (November,
December, and January). The mean annual temperature is 18 ◦C; the hottest months5

are July and August (monthly means of about 25 ◦C), and the coldest months are Jan-
uary and February (monthly means of 11 ◦C). Soil in the experimental field was clas-
sified as a Hapli–Eutric Vertisol according to the Word Reference Base for Soil Re-
sources (WRB, 2006) and contains 57.1 % clay, 34. % silt, and 8.9 % sand in the top
soil (0–20 cm) based on the pipette method (Day, 1965).10

The research was carried out in a non-irrigated 10 yr old vineyard of the Merlot va-
riety. Vine plant density was 4500 plantha−1, rows were 80 m long with 2.2 m between
rows. The experiment included three treatments in which the soil between the vine
rows (along slope) was managed with Triticum durum L. cover crop (T), with a Vicia
sativa L. cover crop (V), and by conventional tillage (C) in a randomized block design.15

The first block or replicate of the experiment is represented in Fig. 2. Within each block,
each treatment was applied to six adjacent inter-rows, giving 18 adjacent inter-row per
block. Cover crops were seeded in October 2006 and in October 2007 with special-
ized sodseeding equipment, and cover crop biomass was turned into the soil by rotary
tillage in April 2007 and April 2008. For treatment C, the soil was ploughed 3–4 times20

per year (0.15 m deep, starting after the first rain in September) depending on weeds
control needs and to aerate the topsoil. The vineyard was not fertilized.

At the bottom of the vineyard a 10 m wide, area was divided into buffer strips and
nonbuffer, as shown in Fig. 2. The buffer strips were seeded with Lolium perenne (40 kg
of seed per ha) in October 2005, one year before the beginning of experiment. The25

nonbuffer strips were managed by conventional tillage. The experiment had a total of
three blocks.

The dynamics of N in the soil and vegetation of the buffer strip were monitored
with nitrogen isotopes, which are stable and nonradioactive (Powlson and Barraclough,
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1993). We used an 15N enriched tracer, and the natural abundance background levels
of 15N was measured before the application. The tracer was sprayed onto the sur-
face of a 1 m strip of soil that separated the buffer and nonbuffer strips from the rows
treated with T, V, and C (Fig. 2) in the first week of February for both years (2007 and
2008). The tracer was an aqueous solution of ammonium sulphate (1.57 % 15N atom)5

sprayed at 80 kgha−1.
Soil samples were collected once per month from January 2007 to June 2008 from

the central inter-row of each treatment. Soil samples were taken at 0–20 cm depth
along the slope at intervals of 20 m in the vineyard plot and at intervals of 3 m in the
buffer zone; the samples within each plot were kept separate so that nitrate content10

along the slope could be quantified. The positions with respect to slope for both the
treatment and strip plots are referred to as upper, middle, and lower. Aboveground
biomass of L. perenne in the buffer strips was collected in April, May, and June of 2007
and 2008 for determination of yield and 15N content. V. sativa and T. durum biomass
were sampled in April of both years (before the cover crops were incorporated into15

the soil) by removing the aboveground biomass in three 1 m2 areas per replicate; dry
weight and N content were determined.

To monitor water and sediment yield, a 1 m wide Gerlach (Gerlach, 1967; Morgan,
1977) with a 40 L deposit was installed at the bottom buffer and non-buffer site. During
the studying period no water runoff was recorded at the bottom of the plot in both20

treatments. The cover of T. durum and V. sativa and the tillage management enhanced
the infiltration and, as a consequence, overland flow was negligible.

The NO3-N content of the soil samples was determined by aqueous extraction with
a Dionex D120 ion chromatograph. Soil and plant samples were subjected to isotopic
analysis with an EA-IRMS (elemental analyser-isotopic ratio mass spectrometer). An25

automatic sampler was used, and the samples were combusted in the presence of
oxygen at 1050 ◦C.

Isotopic levels for the soils and plants are reported as atom % 15N excess (IE),
which refers to the amount of 15N present relative to the average naturally occur-
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ring background 15N levels occuring in the biomass and the soil under the spe-
cific experimental conditions. Background levels are based on pre-application sam-
ples. Where possible, atom % 15N excess amounts were extrapolated to get the to-
tal amount of 15N in a given pool by weight and thus to determine a 15N budget
(Bedard-Haughn and van Kessel, 2004).5

The international standard for N is atmospheric nitrogen (Mariotti, 1983, 1984), for
which the 15N/14N ratio is 0.003676. The international reference materials IAEA-N1
(δ15N=0.03‰), IAEA-N2 (δ15N=20.1‰) and IAEA-N3 (δ15N=4.5‰) were used for
calibration and normalization following the study of Bohlke et al. (2003). Analytical pre-
cision is about 0.2 ‰.10

A linear mixed effects model (SAS, 2002) and repeated ANOVAs were used to eval-
uate the fixed effects and temporal effects of soil management (treatments T, V, or C)
on the quantity of 15N detected in buffer strips and nonbuffer strips below the treatment
plot. Statistical analysis was carried out separately for the managed area and the buffer
strip/nonbuffer strip area. A split plot design with three replications was used in which15

management was the main plot and elevations (position on slope, i.e. upper, middle,
and lower) were subplots. Nitrate content was also compared between buffer strips
and nonbuffer strips using repeated measure ANOVA carried out according the used
experimental design.

3 Results and discussion20

3.1 Soil nitrate content in the vineyard

The nitrate content was 12.4 % greater in treatment V vs. C but only 1.71 % greater
in treatment T vs. C. These significant differences (Table 1) can be explained by the
ability of the legume, V. sativa, to fix N and by the high N content of the legume tissue.
Before the cover crops were incorporated into the soil, the aboveground dry biomass25
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was 11±1.2Mgha−1 (with 2.8 % N content) for treatment V and 8.33 ± 2.1Mgha−1

(with 1.3 % N content) for treatment T.
Our results are in agreement with those of several other studies showing that cover

crops increase soil N content and soil organic matter (SOM) content (Jackson et al.,
2004; Sainju et al., 2000; Ramos et al., 2010). At the Agrigento experimental site, the5

catch crops were plough and then, the soil increased in organic matter. The poten-
tial to immobilize and retain soil N increases with SOM content (Barretta and Burke,
2000). Continuous tillage under conventional management, in contrast, causes bare
soil (weed free) and an increased N loss due to leaching, short term bursts of min-
eralization of organic N substrates, and nitrous dioxide efflux (Grandy and Robertson,10

2006). Consequently, soil nitrate content was lower in the conventionally managed plots
than in the plots with catch crops.

Soil nitrate content changed during the year, apparently because of precipitation,
mineralization, uptake by vines and uptake by the cover crops. Cover crops have direct
and indirect effects on soil fertility and vine nutrition. Incorporation of leguminous catch15

crops directly adds organic nitrogen to the soil (Nakhone and Tabatabai, 2008). After
mineralization, which begins within weeks after incorporation, this nitrogen is available
for vine uptake (Rupp, 1996). In contrast, nonleguminous cover crops often result in the
depletion of the vineyard nitrogen pool (Celette et al., 2009). The interactions between
cover crop, soil fertility, and vine growth are complex and dynamic. Measuring and20

predicting changes in soil nutrient status can be far more difficult in cover-cropped
vineyards than in vineyards managed with chemical fertilizers alone, as the farmer
controls the source of nitrogen.

Soil nitrate values, which were lowest in spring and highest in late summer or au-
tumn (Fig. 3), ranged from 1.45 to 26.56 mgL−1 under conventional tillage, from 1.71 to25

28.14 mgL−1 under the V. sativa cover crop, and from 1.87 to 19.71 mgL−1 under the
T. durum cover crop.

The strong decrease of nitrate from winter to early spring can mainly be attributed to
leaching in response to precipitation under conventional tillage (Davidson, 1992) and to
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plant uptake of N in the cover crop treatments (Steenwerth and Belina, 2008). In sum-
mer, the high increase in nitrate under the V. sativa cover crop and with conventional
tillage might be explained by rapid mineralization of organic matter. The peak in soil ni-
trate was lower with the T. durum treatment than with the other two treatments, probably
because of the relatively high carbon to nitrogen ratio and lignin content of T. durum,5

which would reduce its rate of mineralization when it was incorporated into the soil.
Seasonal soil nitrate contents were similar (P > 0.05, when the data were analysed

by season) for the first vs. the second year of sampling in the conventionally managed
plots and in the V. sativa plots. However, the values were higher in the second year in
the T. durum plots. The latter difference is consistent with previous reports that N can10

be immobilized following the planting of some cereal cover crops (Fageria et al., 2005).
In all treatments, soil nitrate content increased down the slope. The soil nitrate con-

tent in the middle and lower tram of the slope increased by 48 and 112 % in the V. sativa
plots, by 47 and 123 % in the T. durum plots, and by 37 and 94 % in the conventionally
managed plots. This data demonstrate the leaching of nitrates by the surface wash and15

subsurface wash, and confirm that the bottom slope buffer strips of the slope can be
a good strategy to avoid the pollution with nitrates.

3.2 Soil nitrate in the buffer and nonbuffer strips

Soil nitrate content was higher in the nonbuffer strips (without L. perenne) than in the
buffer strips (with L. perenne) and was higher in late summer and autumn than in spring20

(Fig. 3). Soil nitrate content ranged from 2.26 to 12.5 mgL−1 in buffer strips and from 1.5
to 30.5 mgL−1 in the nonbuffer strip (Fig. 3). This result is consistent with the idea that
a buffer strip can capture excess nitrate during the whole year around and retain nitrate
in soil during the rainiest periods and thereby reduce leaching (Leeds-Harrison et al.,
1999). Note that large quantity of nitrate that accumulated during summer (a period25

with low precipitation) in the nonbuffer strips was completely lost by the end of winter
in both years of observation due to runoff and leaching.
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Soil nitrate content was 25 % and 35 % higher in the middle and lower slope positions
than in the upper slope position. In the buffer strips, however, nitrate content was only
12 % and 14 % higher in the middle and lower positions than in the upper position.
These results agree with other research concerning N removal as a function of buffer
width (Bedard-Haughn et al., 2005; Dillaha et al., 1989). Statistical analysis showed5

differences only between upper and middle position and between the upper and lowest
position of the strips.

Soil nitrate content in buffer (Table 1) and nonbuffer strips was significantly affected
by vineyard soil management (treatments V, T, and C). In the nonbuffer strip, differences
were significant only during summer, when soil nitrate content was highest with treat-10

ment V, lowest with treatment C, and intermediate with treatment T. In the buffer strips,
soil nitrate over all sampling times tended to be highest with treatment C (8.1 mgL−1),
followed by treatment T (6.1 mgL−1), and treatment V (5.7 mgL−1). These differences
are consistent with the effects of vineyard soil management on losses of nitrate by
subsurface water flow.15

3.3 15N tracer in biomass

The mean dry biomass of L. perenne in the buffer strips was unaffected by soil
management treatments and averaged 4.14±0.85Mgha−1. The 15N uptake by L.
perenne tended to decrease with distance from the narrow strip where 15N was ap-
plied, and was significantly greater at 3 m downslope than at 6 or 9 m downslope but20

did not differ between 6 and 9 m downslope (Fig. 4). The L. perenne located 6 m
and 9 m from the application zone contained 72 and 76 % less isotopic excess, re-
spectively, than the L. perenne located only 3 m from the application zone. Values of
isotopic excess ranged from 0.01±0.038‰ to 0.0018±0.0007‰ after the first appli-
cation and from 0.0329±0.011‰ to 0.0019±0.0006‰ after the second application25

of 15N tracer (Fig. 4).
The 15N excess decreased over time after each application (Fig. 4), indicating dilution

of the 15N signature caused by uptake of non-enriched N (Bedard-Haughn et al., 2004).
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3.4 15N tracer in soil

15N isotopic excess in the soil was significantly higher in the nonbuffer strips than in the
buffer strips (Fig. 5). In the buffer strip soil, atom % 15N excess ranged from 0.0028±
0.0011‰ to 0.0042±0.0013‰ after the first application, and from 0.0026±0.0002‰
to 0.0074±0.0017‰ after the second application of 15N tracer (Fig. 5). Averaged over5

time and location in the strip, values were 15 % higher in the nonbuffer strips than in
the buffer strips.

With respect to 15N tracer in soil, the interaction between treatment (buffer strip vs.
nonbuffer strip) and position in the strip (upper, middle, and lower) was statistically
significant (P < 0.05). Relative to the content of 15N tracer in the buffer strip soil at10

3 m from the application site, the content was 42 % and 46 % lower at 6 m and 9 m,
respectively, from the application zone (Fig. 5). In contrast, the content of 15N tracer
in the nonbuffer strip increased with distance down the slope from the application site.
Relative to the content of 15N tracer in the nonbuffer strip soil at 3 m from the application
site, the content in the buffer strip was 4 and 91 % higher at 6 m and 9 m, respectively,15

from the application zone (Fig. 5).

3.5 Implications

Vineyard plantations in the Mediterranean region must be managed with a cover crop
and a vegetative buffer strip in order to avoid nitrates pollution in soils and water. Rel-
ative to conventional tillage, a cover crop provides a better distribution of soil nitrogen20

in time and space with respect to grapevine growth requirements, while the vegeta-
tive buffer strip captures the excess nitrate and thereby reduces pollution of surface
and ground water by nitrate. Soil nitrate content was lower with conventional tillage
(108 kgha−1) than with the cover crops (110 kgha−1 for T. durum and 122 kgha−1 for V.
sativa), with a peak during the hottest period of the year (August). This temporal dis-25

tribution of soil nitrate does not fit to grapevine nutrients needs and as a consequence
there is a nutrient deficit during the growing period and an excess in summer until the
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first rain in autumn, when nitrate are leached and eroded by the surface wash. Soil
under conventional tillage is unable to retain nitrate, and then, N fertilization is applied.
This will increase the N wash.

In the Mediterranean area, soil management with a cover crop in the winter reduces
the soil, water and nitrates losses. This research demonstrates that cover or catch5

crops contribute to the nitrogen fixation (V. sativa). Because of biological fixation of
N, leguminous cover crops provide a net N input to vineyards (King and Berry, 2005;
Drinkwater et al., 1998).

Although cover crops therefore are a valuable alternative to chemical fertilizers in
vineyards, it is important to evaluate not only the amount of N added to the system but10

also the N availability during the year. In our case, the V. sativa cover crop experienced
a high mineralization rate in summer, when grapevines cannot utilize nitrate. Because
it contributes less nitrogen and has a higher C : N ratio, the T. durum cover crop may
result in less pollution and greater retention of N than either the V. sativa cover crop or
the conventional soil management system.15

The high nitrate content at the edge of vineyard is likely to move into water sup-
plies unless captured by a buffer strip. Buffer effectiveness in reducing nitrate loss was
demonstrated by the use of a 15N tracer. Most of the applied 15N tracer was found in the
biomass of L. perenne in the first 3 m of the buffer strip, indicating that the 15N tracer
in soil decreased down the slope of the buffer strips. Although nitrate decrease varied20

with buffer width, we considered a 6 m buffer strip sufficient to control nitrate pollution
in vineyards, like the most of Sicilian vineyards, with a slope of about 7 %.

4 Conclusions

Cover crops in vineyard under Mediterranean climatic conditions inter-row reduce water
runoff and act as catch crop regulating nitrate availability during the year. Thanks to25

catch crop, farmers can manage the N content and its distribution into the soil over
the year. In this way, vineyard managers can reduce fertilizer wastage and reduce N
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pollution of surface and ground water. The main contribution of this research is that
nitrate losses can be managed in vineyards successfully by the use of appropriate soil
conservation practices and by installation of buffer strips.
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Table 1. Results of the Anova test for NO3-N in vineyard and buffer zone.

DF Vineyard Buffer

Soil Management (M) 2 < 0.0001 < 0.0001
Altitude (A) 2 0.0307 0.0302
M ×A 4 0.9221 0.5857
Time (T ) 17 < 0.0001 < 0.0001
M × T 34 < 0.0001 0.2378
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 530 

  531 

Fig. 1. Study area (top), monthly rainfall (red bars) and average groundwater nitrate concentra-
tion from 2006 to 2008 (green line).
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Figure 2. Experimental design. 532 

 533 

  534 

Fig. 2. Experimental design.

276

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/5/257/2013/sed-5-257-2013-print.pdf
http://www.solid-earth-discuss.net/5/257/2013/sed-5-257-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
5, 257–279, 2013

Soil nitrate control in
a Mediterranean

vineyard

A. Novara et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

 540 

  541 Fig. 3. Soil nitrate content in vineyard plot (average of upper, middle and lower position), buffer
strips and nonbuffer strips below the V. sativa cover crop (black line), the Triticum durum cover
crop (grey line), and conventional tillage (broken line). Horizontal lines represent statistical dif-
ference according to repeated measure statistical analysis.
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Figure 4. Atom % 
15

N excess in Lolium perenne in the buffer strips vs.the time. Black, 542 

grey, and white histograms represent 3, 6, and 9m distances, respectively, from the 
15

N 543 

application zone 544 

 545 

  546 
Fig. 4. Atom % 15N excess in Lolium perenne in the buffer strips vs. the time. Black, grey, and
white histograms represent 3, 6, and 9 m distances, respectively, from the 15N application zone.
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Figure 5. Atom % 
15

N excess in soil over the time in the buffer strips and non-buffer 547 

strips. Black, grey, and white histograms represent 3, 6, and 9m distances, 548 

respectively, from the 
15

N application zone. 549 

 550 

 551 Fig. 5. Atom % 15N excess in soil over the time in the buffer strips and nonbuffer strips. Black,
grey, and white histograms represent 3, 6, and 9 m distances, respectively, from the 15N appli-
cation zone.
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