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Abstract

Agriculture has both direct and indirect effects on quality of surface
water and is one of the key activities causing water quality degrada-
tion. Its environmental impact can be evaluated by the determination
of indicators of the quality of water bodies that collect drainage and
runoff waters from agricultural watersheds. For this research, the
water quality draining from three watersheds, totally or partially culti-
vated, all within the Po river valley (Italy), was determined, using
chemical indicators (N-NO; and N-NH4 concentration, N balance),
trophic status (chlorophyll-a concentration) and benthic population
indexes. Together, they should provide an overview of the water status,
which is supposed to be strictly related to the land use and the man-
agement. Results show that the chemical parameters are well related
to land use and farming management: intensive agricultural activity
leads to high N-NO; concentration in water and N surplus and vice
versa. The chlorophyll-a concentration follows the same trend, being
linked to nitrogen loads and land use. Not always there is accordance
between chemical and biological indicators: no direct correspondence
is evident between the N-NO; concentration in waters and benthic
community. Its presence and abundance seems to be mostly correlated
with the geomorphology, hydrology, riparian strips, etc. of the habitat
than to the land use. Only the integration of chemical and biological
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parameters allows a correct understanding of the state of health of
water body and benthic communities.

Introduction

Agricultural lands are a major source of water pollutant (OECD,
2001). The latest data on the quality of European water resources high-
light the detrimental impact of over-fertilization on the quality of sur-
face waters at present (EEA, 2010), which can lead to eutrophication
and offer significant risks on human health and aquatic ecosystems. In
this context, the need for clear and accurate water quality determina-
tion in agricultural areas is vital as a reliable basis for any understand-
ing of the relationship between land use and management and aquat-
ic environmental impact.

The vulnerability of a specific area and the presence of a particular
water habitat depend on its natural features (such as geology, climate,
hydrology, soils, slope, hydrodynamism, presence of vegetated strips)
and can be altered by pollution deriving from human activity such as
agriculture.

Past studies indicate that there is a strong relationship between
land use and water quality of both surface and ground water in the
area (Zalidis et al., 2002; Tong and Chen, 2002) and changes in land
use and management practices have considerable impact on water
quality parameters. In particular, it is clear that watersheds with a
large proportion of agricultural land tend to release greater amounts of
nutrients to surface waters (Mason ef al., 1990). To obtain a synthetic
description of the ecological quality of a water body, two approaches
are generally followed: the first regards the evaluation of chemicals
residues and the second deals with the biological indicators.

The first approach consists in the direct or indirect determination of
the most harmful chemical species. Among them, nitrogen (N), espe-
cially in the nitrate form, represents one of the most important factors
in water quality degradation: through the nitrate directive
(91/676/CEE), UE aims to reduce water pollution caused by nitrate
losses from cultivated areas. In the so-called vulnerable zone there is
a high risk of nitrate pollution and specific limits on fertilizer applica-
tions are set. The World Health Organization recommends not exceed-
ing 50 mg L! of nitrate (11.3 mg N 1) in drinking water, for its ele-
vate risk of generating diseases like methaemoglobinemia and stom-
ach cancer (Merrington et al., 2002; Pavoni, 2003), while for ammoni-
um, the national limit in Italy is 0.5 mg L1 (D.Lgs. 31/2001).

Data about N losses, as derived from the literature, are quite vari-
able: in Italy, Pasti et a/. (1995) found nitrate losses in drainage water
between 20 and 27 kg N ha-lyr-1; Bonaiti and Borin (2010) found in an
experiment held in North-East of Italy nitrate losses ranging from 0.3
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to 24 kg ha-! y! in open ditch drainage water and from 1.2 to 105 kg
ha™! y! in subsurface drainage water. Casali et al. (2008) in runoff
water of two Spanish watersheds found nitrate losses ranging between
60 and 160 kg N ha-lyr!, while Owens (1994) indicated losses in
drainage water ranging from 0.7 to 120 kg ha! N yr-1,

Next to the N-NO; water concentration, the N balance is another use-
ful indicator of the risk posed to the environment from excessive nitro-
gen, deriving prevalently from arable lands. It also allows quantifying
the relative importance of different sources of N inputs and outputs
and evaluating the influence of soil use on the quality of surface water
(Rossi Pisa et al., 1996; Gardi, 2001).

The second approach consists in the determination of the water
quality by means of biological indicators, such as benthic fauna and the
chlorophyll-a concentration (Buffagni et al., 2004; Dodds et al., 2002;
Solimini et al., 2007). Benthic macroinvertebrates (insect, crustacean
and shellfish populations) are good indicators because, thanks to their
size, can be easily sampled and, being typically sedentary, are often
affected by water quality. Furthermore, they include a broad range of
taxonomic, functional and trophic groups with different tolerance to
pollution, and are important components of both detritus and grazing
food chains, transferring nutrients and toxicants to the rest of the sys-
tem (Dauer, 1993). The presence and distribution of benthic macroin-
vertebrates can then provide information on ecosystem status, because
their respond to habitat alteration with variation at community, popu-
lation or genetic level (Chambers et al., 2006; Johnson, 1996). A high
diversity of the benthic fauna usually indicates a good status of its
habitats (EC, 2000). The chlorophyll-a concentration is another impor-
tant biological indicator, evidencing the presence of phytoplankton
(Solimini et al., 2007).

Both the described biological indicators are supposed to be tightly
linked with chemical water quality. Nutrient loads (N and P) are con-
sidered the main cause of eutrophication (Brooks et al., 1997) and it is
known that the dissolved inorganic N can be incorporated rapidly by
phytoplankton and various opportunistic seaweeds, which respond with
a massive growth. This process leads to a shift in the biological struc-
ture and, in severe cases, even to oxygen depletion, production of toxic
substances (e.g. NHs*, H,S) and the collapse of entire aquatic ecosys-
tem (OECD, 1982).

Even if it seems that both benthic fauna and algal growth could pro-
vide information on the ecological status of surface waters (Ponti and
Abbiati, 2004), the relationship is not so linear. The status of benthic
fauna depends not only on the environmental quality, but also on the
presence of intrinsic limiting factors, such as the hydrological charac-
teristics of the water body. In a disturbed ecosystem a low number of
species, the disappearance of sensitive species, the dominance of tol-
erant species and a change in the number of individual within the
species are often observed (Duaer, 1993, Lardicci et al., 1993; Abbiati et
al., 2010).

Finally, Parsons et a/. (2004) and De Ventre et al. (2006) suggest
that, being arable lands a diffuse source of pollution, the monitoring of
water quality variables can be best approached in small sized water-
sheds instead of in large ones. In fact in large watersheds the pollutant
transport processes entail a higher degree of complexity, thus failing to
identify the nutrient source and the significant processes.

Therefore, in this study we examine three totally or partially cultivat-
ed small watersheds located in the Po valley, that is one of the regions
in Europe suffering most from eutrophication (de Wit and
Bendoricchio, 2001), with the purpose of: i) evaluating their ecological
status, by means of chemical and biological indicators, over a 2-years
period; ii) verifying the coherence among the diverse indicators; iii)
identifying the relationships between land use, land management, geo-
morphology and water quality.
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Materials and Methods

Water quantity (rainfall, influx and efflux) and quality (chemical and
biological) were monitored in three agricultural watersheds located in
Emilia Romagna region (Figure 1), in the 2007-2009 period. The region
climate is temperate-Mediterranean (Koppen-Geiger classification),
where the highest and lowest temperatures occur in July-August and
December-January respectively, and the annual average precipitation
is 750 mm, concentrated in two major rainy seasons, autumn and
spring.

All the watersheds are covered by cultivated or natural fields and are
hydrologically isolated, so that they are suitable to study the problem of
agriculture activity and water pollution (Pieri et a/., 2011; Ventura et
al., 2008).

The site 1 (197 ha) is located in Ozzano dell’Emilia (Bologna, Italy)
on the first northern Apennines relief, and drained by the Centonara
stream. Its elevation ranges between 84 and 354 m asl, with mean slope
of 25-35% (15% in cultivated area) (Table 1). Badlands are present on
the 20% of the total area. The arable land constitutes about 25% of the
total area, in part organically cultivated. Main crops are 40% alfalfa,
30% cereals (wheat, barley, sorghum) and 10% industrial crop, espe-
cially sunflowers. The geomorphology of the site is characteristic of a
torrential regime in low hill areas: dry in summer and full of water in
winter. The area of investigation is at the downstream end of the basin,
therefore the only source of water is meteoric, which drains into the
soil. The hydrographic network is dendriform on the badlands; it is col-
lected in a single course in the cultivated hills that eventually flows into
the plain. The river bed has several jumps, even higher than 2 meters,
and a thick riparian vegetation on both banks (Figure 1a).

The site 2 (750 ha) is located in Argelato (Bologna, Italy), in an
intensively cultivated plain area, and drained by the Argelato channel
(Table 1). The area is in plain, with elevation of 25 m asl. Main crops
are 65% cereals, 15% leguminous and 13% industrial crops, mostly cul-
tivated with conventional management. The channel collects only
drainage water coming from the fields. The geomorphology of the site

Table 1. Watershed characteristics.

Surface (ha) 197 750 1940
Arable land (%) 25 99 99
Mean slope 25-35% total basin 1% <0.1%
15% arable lands
Soil texture Heterogeneous  Clay-siltloam  Clay-loam
(FAO classification) Clay-silt Clay-silt loam
Soil organic matter (%) 1.2 2.5 5
Agriculture Partially Mostly Mostly
management organic conventional integrated
Drainage No No 45%
tile-drained
55%
surface drained
[rrigation No No Yes
Riparian Fully Partially Not
vegetation developed developed present
Note Presence of badlands Watershed below
sea level;
nitrate vulnerable
zone
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is that of a plain channel with just meteoric water supply. The result is
that it is dry along the summer. The sampling occurs at the end of the
basin. The riparian zone is spontaneous but not continuously presents
(Figure 1b).

The site 3 (1940 ha), called Valle Volta, is located in an intensively
cultivated area in the Ferrara plain (Ferrara, Italy), in a Nitrate
Vulnerable Zone (Table 1). Its elevation is 3 m bsl. Main crops are 50%
cereals (wheat and corn), 18% alfalfa, 12% industrial crops (sugar beet,
soybean) and 9% vegetables (tomatoes, watermelon, melon). Most of
the crops are cultivated following the protocol for integrated agriculture
(management with low chemical impact) and irrigated. Irrigation
water derives from the Po di Volano river. About 45% of the agricultur-
al soil is tile-drained and drainage water is collected in an artificial
navigable channel and then pumped back in the river. The geomorphol-
ogy of the site is that of a plain channel, apparently similar to site 2, but

. % c

significantly larger and never dry. This means that, unlike the sites 1
and 2, this basin can be considered as an intermediate channel section
between the head and the mouth of the water body. The riparian zone
is almost non-existent because of cutting (Figure 1c).

Mean annual nitrogen fertilizations (5 last years) were 9 kg ha-! in
site 1, 100 kg ha™! in site 2 and 80 kg ha!in site 3. The most used fer-
tilizers in all the watersheds were urea and ammonium nitrate. On
average, nitrogen was applied twice or three times on herbaceous
crops, during the growing season, especially in spring.

For this research, data about meteorological elements, land use and
water flux were continuously recorded, while rainfall and surface water
were periodically collected. Meteorological data were recorded in the
site 1 thanks to an agrometeorological station recording air tempera-
ture and humidity, rainfall, solar radiation and wind speed; the site 2
was equipped with a wet and dry pluviometer (Micros), while in site 3

Figure 1. The three watersheds investigated for this study: a) Centonara (44°27°N, 11°28’E); b) Argelato (44°38’N, 11°20’E); c) Valle
Volta (44°48°N, 12°01’E). All are located in the Emilia Romagna region (see map of Italy).
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there was a pluviometer. Precipitations were sampled twice per month,
or more frequently, depending on the frequency and intensity of rain-
fall events. Land use data were collected by ground surveys (GPS) and
interpretation of aerial photographs in sites 1 and 2, while in site 3 they
were provided by the Regional Agency for financing in the agricultural
sector (AGREA). In site 1 and 2 the water was continuously monitored
by means of a sampling and measurement station (ISCO, 6700, Torino,
Italy). The station is comprehensive of an automatic sampler that col-
lects samples of water from the stream and pipes them into polypropy-
lene bottles stored in a refrigerator (to avoid nitrate microbiological
degradation). An ultrasonic sound waves module, fixed on the bottom
of the canal, provides the measure of level and velocity of water. In site
3 the surface water was manually sampled twice per month in the out-
let point of the watershed. Water influx and efflux were mechanically
controlled, and water volumes were registered from the local water
board (Secondo Circondario Polesine-San Giorgio; Ventura et al.,
2008), which provided us the data. To determine the chemical water
quality, all the 150 water samples (65 from the site 1, 30 from the site
2, and 55 from the site 3) were analyzed with an automatic instrument
(AA3, Bran+Luebbe GmbH, Norderstedt, Germany) for the determina-
tion of nitrate-nitrogen (N-NO3) and ammonium-nitrogen (N-NH,)
concentration. For each basin, the N balance was calculated for two
crop cycles (2007-2008 and 2008-2009), following the simplest deter-
ministic approach of Howarth et al. (1996), which provides a static
accounting of the input and output components, considering the main
fluxes of materials entering and leaving the watershed. The balance,
surplus or deficit, is a measure of the net depletion (output > input) or
enrichment (output < input) of the system (Watson and Atkinson,
1999; Oenema et al., 2003; Oenema and Heinen, 1999).

More precisely, the following equation was computed:

AN = input components (Nr + Nap + Nsp) — output components (Npr+
N])w+ ND+ Nv)

where:

AN, nitrogen variation;

N, inorganic and organic fertilization;

Nap, atmospheric deposition;

Nsr, symbiotic N fixation;

Neg, plant removal;

Now, losses in drainage water;

Np, denitrification losses;

Ny, NH; volatilization. All terms are in kg N ha-! yr-1.

Nr was directly obtained by farmers’ interviews. Nyp and Npw were
calculated from water volumes and nitrogen concentration, determined
by analysis on rainfall and water samples (Pieri et al., 2009; Ventura et
al., 2008). Ng; was estimated through the model proposed by Hagen-
Jensen et al. (2004). Ny estimates were based on data of crop yields,
provided by farmers’ interviews and on their N concentration obtained
by regional databases (Regione Lombardia-PSR 2003; Regione
Campania-DGR 2302/2003), and referred to the whole area. For Ny and
Np no direct measurements were made in situ and are presented only
to show their relative importance to other terms of the balance. Ny was
quantified using empirical equations described in literature (Puckett et
al. 1999; Isidoro et al. 2006), while Np values derived from experimen-
tal data obtained in regions close to our studied area (Gamba et al.
1998; Arcara et al. 1999). The trophic status was estimated by the deter-
mination of the chlorophyll-a concentration. Three replicate samples
were taken randomly in April 2008 and April 2009. To measure chloro-
phyll-a, a volume of water from the surface, is filtered on cellulose fil-
ters (Millipore, pore size 0.45 um). The chlorophyll-a in this material is
then extracted with 90% acetone and spectrophotometrically analyzed
according to Strickland and Parsons (1972). The biological quality was
evaluated by macrobenthic assemblage composition and species diver-
sity. For each basin and at two sampling dates (April 2008 and April
2009) and if water was present, three bottom samples were collected by
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amodified Eckman grab (area 15 cm x 15 cm). After a pre-sieving (0.5
mm mesh) in the field, samples were preserved using a buffered solu-
tion of 4% formaldehyde. Specimens were identified to the lowest pos-
sible taxonomic level, using a binocular microscope, and counted.
Macrobenthic assemblages were analyzed in term of species abun-
dance. Species richness (as number of species, S), Shannon index (H’,
logarithm base 2) and the corresponding evenness component (Pielou
index, J) were calculated for each replicate sample (Krebs, 1989).

Results

Meteorological and hydrological results

Figure 2 shows the precipitation and the discharge during the stud-
ied period. The precipitation pattern of the three watersheds were sim-

a Site 1: Centonara watershed
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Figure 2. Precipitation and discharge recorded in the three water-
sheds: site 1 (Centonara, a), site 2 (Argelato, b) and site 3 (Valle

Volta, c).
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ilar, with two main rainy seasons, autumn and spring, while the dis-
charge was characterized by a different behaviors.

In site 1 (Figure 2a), the Centonara stream presented peaks of dis-
charge consequently to long or intensive rain events. In particular,
there was a correspondence between the rainfall peak and the maxi-
mum discharge after consecutive events with more than 20 mm/d.
During the summer the stream was dry, due to the pluviometric
regime and the elevate evapotranspiration during the summer. During
the whole studied period, the amount of rainfall (P) was 1097 mm, cor-
responding to a discharge (D) of 132.2 mm. The mean discharge coef-
ficient for the study period was 0.12, same as the coefficient calculat-
ed for the year 2008 (Pzgs = 716 mm/y, Dyys = 89 mm/y).

In site 2 (Figure 2b), the total precipitation amount was 1210 mm
for the whole period, with a discharge of 143 mm. The channel was dry
for a long period, probably because of a long dry season, during which
the water-table level lowered. Discharge flow restarted after the begin-
ning of the rainy period in November 2008 and continued in winter
2009, when several snow events occurred. Considering only the time
when it was active, the discharge coefficient was equal to 0.34 (P11290s-
e =419 mm, D11290s. 71009 = 143 mm) This coefficient was typical for
well drained basin in plain. In site 3 (Figure 2c), the total rainfall
amount was 998 mm for the whole period, with a total discharge of
1155 mm. Major discharges occurred in summer, when water is input
into the channel from the Po di Volano river, to provide water for irri-
gation to the farmers. For this reason the discharge coefficient is not
meaningful.
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Figure 3 Nitrate (a) and ammonium (b) concentrations (mg L-1)
in the drainage water of site 1 (Centonara, squares), site 2
(Argelato, circles) and site 3 (Valle Volta, triangles).

Nitrate and ammonium concentration

Figure 3 shows the trend of N-NO; and N-NH, concentrations in the
drainage water of the three sites. As shown in Figure 3a, site 1 displays a
very low variability in N-NO; concentrations during the whole year, with val-
ues being always below 3.2 mg L. In site 2, the N-NO; concentration pres-
ents the highest value in November (30 mg 1) showing a decreasing trend
till April 2009, when it reached 6 mg L-1. These values are above the UE limit
for drinking water (11.3 mg Li1) from October 2008 to January 2009. In site
3, N-NO; concentration shows a more evident seasonal pattern: it presents
low concentrations, close to zero, during the summer, with higher values in
the other periods. Values exceed the UE limit (to a max of 20 mg L1) only
in 4 out a total of 33 samples, during winter and spring. As shown in Figure
3b, in both site 1 and site 2, N-NH, concentration is about one order of mag-
nitude lower than N-NO; and presents the highest values during the sum-
mer (0.2 mg L! and 0.4 mg L! in Centonara and Argelato, respectively). In
site 3, the N-NH4 concentration trend is similar to that of N-NO; and above
the limit of 0.5 mg L1, recommended by the Italian law (D.Lgs. 31/2001),
during autumn and winter. Moreover, ammonium in site 3 is higher than
in the other 2 sites. This may be due to the diverse sampling technique: in
sites 1 and 2 the bottles storing the water samples are open and left in the
fridge some days before being analyzed, so they can loose some ammonium
per volatilization. Water in site 3 is instead manually sampled and immedi-
ately closed in the bottle. Figure 4 shows the N load, obtained multiplying
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Figure 4. Nitrogen loads (kg ha-1) in site 1 (Centonara, a), site 2
(Argelato, b) and site 3 (Valle Volta, c).
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Table 2. Nitrogen balance (kg ha™!) in the three watersheds for the two crop cycles: 2007-08, 2008-09.

[nput
Fertilization 113 11.6 106.4 105.7 79.3 785
Biological fixation 158 13.9 272 31.0 415 126.0
Atmospheric deposition 9.9 8.1 124 12.5 .1 8.8
[rrigation 0 0 0 0 438 2.3
Total 37.0 33.6 146.0 149.2 134.0 2164
Output
Plant removal 26.9 27.0 118.0 97.2 128.3 2135
Discharge 3.0 4.5 0 3.9 1.8 1.8
Denitrification 0.5 0.5 43 4.2 1.6 1.6
Volatilization 1.1 1.2 10.6 10.6 2.7 3.8
Total 315 33.1 132.9 115.5 134.4 220.7
Balance
Input — output 5.5 0.5 13.1 33.7 04 43

the total N concentration by the discharge rate value. The highest daily N
load (kg ha! day) was in the Argelato channel, with a peak of 1.8 kg ha™!
day!, while in Centonara stream N was most of the time close to 0.0 kg ha™!
day! and it has almost never exceeded 0.4 kg ha-! day! (Figure 4a,b). Valle
Volta channel had intermediate values, with a maximum of 0.8 kg ha!
day! (Figure 4c).

Nitrogen balance

The nitrogen balance for the three watersheds is summarized in
Table 2. For each watershed, there were no significant differences (t-
test) between the two years, due to similar management: in site 1 and
site 3, balances were almost closed, while, in site 2, inputs exceeded
outputs, by 13.1 and 33.7 kg ha!, respectively in 2007-08 and 2008-09.

The balance differences among watersheds were due to land use,
which determines input and output amounts. In particular, the site 1,
being only partially cultivated, presented balance terms very different
from the other two sites. Its major input was the biological fixation (41-
43% of the total input) due to the alfalfa cultivation, that was the most
cultivated crop (17% of the SAU), while N fertilization equal to 9.4 kg
ha-!, was concentrated in a limited part of the basin on no-leguminous
crops. Fertilization amount was comparable to the atmospheric deposi-
tion (9 kg ha™1). In sites 2 and 3, major inputs sources were fertilizers,
about 75% and 51-36% of total input respectively, and biological fixa-
tion, about 20% and 30-60% of total input respectively. Atmospheric
depositions were similar everywhere, ranging between 7.7 and 12.5 kg
ha™! and differences between the watersheds were mainly due to the
diverse rainfall regimes.

The yearly rotations, in particular the presence of leguminous crops,
lead to a diverse proportion between fertilization and biological fixa-
tion between the two years. On the hectare basis, the major fertilizer
input occurred with corn, (160-250 kg N ha1). Corn accounted for the
70% and 80% (mean of the two years) of the total fertilizers input, in
site 2 and site 3, respectively. In the three sites, major output was rep-
resented by plant removal, which due to different land use, varied
among watersheds.

As seen previously, N losses by efflux water in all the watersheds
were limited, ranging between 1.8 and 4.5 kg ha! (apart from Argelato
2008, when the channel was totally dry). Nitrate losses (Npw) account-
ed for 8-13% of the total input in site 1, while in site 2 and site 3 it
ranged from 0 to 2%. Considering only fertilization input (N¢), they
accounted for 27-39% in site 1 and 2-3% in site 2 and site 3.
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Table 3. Chlorophyll-a (Chl.) concentration (ug L-1) in the
drainage water of the three sites in spring 2008 and 2009. Data
represent the average * s.e.

&

a

Site 1 - Centonara 04 0.5+0.3
Site 2 - Argelato Data not available 119+6
Site 3 - Valle Volta 568 214+10

Trophic status and benthic indexes

Data referring to the trophic status are shown in Table 3. In site 2,
the channel was dry in April 2008 and no water or bottom sample was
collected. In the rivers and in the channels of the Po valley, chlorophyll-
a concentration follows a seasonal trend showing the highest peaks
during spring.

Very low chlorophyll-a concentrations were found in site 1 (<1 ug/L)
in both years, while in site 2, in the single sampling performed on April
2009, a value of 119 ug L-! was found. In site 3 a very high chlorophyll-
a value of above 500 ug L-! was measured in 2008, although a different
sampling performed four days later evidenced that this amount was
reduced to 81 ug I! (data not shown); a high value of 214 ug L-! was
obtained also the following year (April 2009). A microscope microalgae
observation evidenced that autotrophic organisms were dominated by
Euglenophyceae.

Overall, macrobenthic assemblages were composed by only 8§ taxa
(Table 4). In particular, samples from site 1, showed only few individu-
als belonging to Oligochetae family and to the genus Theodoxus, a
small freshwater snail. Oligochaetes and larvae of chironomid were the
most abundant taxa at sites 2 and 3, while the crustaceans
Gammaridea were present only at site 3. Site 1 presented the lowest
species richness (S, Figure 5). Site 2 and 3 had the richest macroben-
thic assemblages in term of number of taxa. Site 2, sampled only in
2009, showed the highest species diversity (H’) and evenness (J). The
disproportionate increase of oligochaetes in site 3 between 2008 and
2009 was responsible to the corresponding decline of species diversity
and evenness at this site.
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Table 4. Benthic data (ind. sample™!) of the three sites.

Site 1 - 2008 a 0 0 0 0 0 0 0 0
Centonara b 0 0 0 0 0 0 0 0
c 2 0 0 0 0 0 0 0
2009 a 0 0 0 0 0 0 0 0
b 0 0 0 1 0 0 0 0
c 1 0 0 0 0 0 0 0
Site 2 - 2009 a 0 7 10 0 0 0 3 0
Argelato b 0 14 10 0 0 0 4 0
c 0 12 8 0 0 0 6 0
Site 3 - 2008 a 18 0 0 0 1 0 0 4
Valle Volta b 0 0 0 0 10 2 0 7
c 0 0 0 0 0 0 0 7
2009 a 92 0 0 0 1 0 0 8
b 175 0 0 0 3 0 0 12
c 124 0 0 0 5 0 0 9

Discussion

Chemical indicators (N-NO; and N-NH, concentration, N balance),
trophic status (chlorophyll-a concentration) and benthic population
indexes are all useful elements to characterize the ecological status of
rivers in areas heavily agricultural. Together, they should provide an
overview of the water quality, which is supposed to be strictly related to
the land use and the management, but their relationships are not
always easy to predict.

Chemical indicators (N-NO; concentration and N balance) are most-
ly in accordance, and can be explained by the different land use and
agricultural management of the three watersheds. It is clear that water-
sheds with large and intensive arable land areas tend to release greater
amounts of nitrogen to surface waters.

In site 1 the arable area is small (about 30% of the total) and partial-
ly cultivated by organic management. N in excess is probably absorbed
by spontaneous vegetation, which acts as buffer zone and limits the N-
NO; contamination of the Centonara stream. In site 2, the total area is
intensively cultivated, mainly by conventional management. The result
is an elevate N-NO; concentration in drainage water, in some periods
above the UE limit for drinking water. In site 3, where the watershed is
totally cultivated, mostly with integrated management, the N-NOs con-
centration is usually lower than the UE limit.

The Figure 3a highlights how the nitrogen cycle results to be strong-
ly influenced by land use, crop managements (Chen and Driscoll,
2009), and meteorological condition. Channels draining large agricul-
tural lands (site 2 and site 3) displayed a seasonal variability not pres-
ent in site 1, suggesting that agricultural activity greatly alters season-
al patterns in N cycling and loss.

In intensively managed agricultural watersheds (site 2 and site 3),
the highest N-NO; concentrations were always recorded in autumn-
winter, when rainfalls were abundant and mineral N, residual from fer-
tilization or deriving from the mineralization of soil organic matter, is
available in soil. In spring-summer, growing crops adsorb nitrogen
from the soil at highest rates and help maintaining a low risk of N
leaching.

The highest N-NH, values in Valle Volta watershed (Figure 3b) dur-
ing the late summer are probably due to the high mean temperatures,
which increase the mineralization of soil organic N, while the winter
peak in site 3 may be due to a limited nitrification in soil under cold
temperature. Moreover, the highest ammonium values in site 3 may be
due to the channel size: the depth of the water favors anoxic condition,
which determines the NH,* formation, and the manual sampling helps
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Figure 5. Species diversity indexes: species richness (S), Shannon’s
diversity (H’), Pielou’s evenness (J). Error bars represent the stan-
dard error.
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keeping high N-NH; levels, reducing volatilization.

The N balances calculated for the three watersheds further confirm
the relationship between land use and N losses in discharge water: in
sites 1 and 3, total N outputs and inputs are similar and the balance is
next to zero. Consequently, little N losses occur in the draining water.
In these watersheds, crop management and especially N fertilization
techniques, has reached good levels of ecological sustainability. In site
2, the elevate N fertilizations (>100 kg ha!) are the main cause of
high N surplus, which determined a higher risk of water contamina-
tion.

Although caution should be used in comparing literature results rel-
ative to sites with different pedo-climatic conditions, the N balances of
the three watersheds are all significantly lower than others found in
agricultural watershed in Europe and USA, which report surpluses
ranging between 30 and 117 kg ha™! (Isidoro et al., 2006; Bechmann et
al., 1998; David et al., 1997). Moreover, the N balance for the three sites
is always lower than the national N balance calculated for Italy for the
year 2000(37 kg ha™1) (EEA, 2005).

The chlorophyll-a concentration in discharge waters might depends
on the nitrogen loads: in site 1, low nitrogen concentrations corre-
sponded to low chlorophyll-a concentrations, while in sites 2 and 3,
high chlorophyll-a concentrations were found in correspondence of ele-
vated N-NO; concentrations. Since the microscope observations evi-
denced that autotrophic organisms in the water samples were dominat-
ed by Euglenophyceae, which are known to prefer environment rich in
decaying organic matter, it cannot be excluded that organic N could
also sustain the observed spring blooms. The chlorophyll-a threshold
limit to define an environment as eutrophic is set by the local environ-
mental agency at 10 ug L-! (ARPA-Emilia Romagna); higher values evi-
dence an anomalous microalgae bloom and are indicative of eutrophic
water conditions. Site 2 and site 3 therefore present an elevate risk of
eutrophication and lower ecological water quality in comparison with
site 1.

No direct relationships were evidenced between macrobenthic
species diversity and land use. The benthic populations of the three
watersheds seem in fact to reflect more the geomorphology of their
habitat than land use. The hydrodynamism of the Centonara stream,
characterized by high discharge during the spring and autumn, dryness
during the summer, maximum velocity 1.8 m s-! and water height from
5 to 50 cm, limits the survival of the aquatic species and consequently
the number of taxa population. In such variable conditions, only few
ephemeral aquatic life forms can occasionally populate the stream bot-
tom. On the other hand, the slow water flux that characterizes channels
in site 2 and site 3 favors the persistent benthic assemblages and rela-
tively high species diversity. This is particularly evident in site 3, where
freshwater is available all over the year. Furthermore, in sites 1 and 2
the prolonged dry periods which occurred in summer, have probably
destroyed the whole aquatic benthic community. The re-colonization of
the channel may have occurred in site 2 because of the connection with
the main river, which represents a reservoir for benthic species, thanks
to pioneer and drought-resistant species such as the Theodoxus snail
(Zettler et al., 2004). On the contrary, the hilly geomorphology of site 1
probably contrasted the re-colonization of the stream.

In site 3, the particular hydro-morphological conditions of the chan-
nel (slow water speed, water availability during the whole year) and to
the absence of intrinsic limits allow an easier interpretation of the
results, and it is possible to find a relationship between chemical and
biological indicators. The relatively high benthic species diversity
found in this site could be attributed to low chemical pollution. For
example, the presence of the Gammaridea crustaceans, which is poorly
resistant to nitrogen pollution (Alonso and Camargo, 2004), indicates a
good water quality, while the insects of the genus Notonecta, which is
a macropredator (Bernhardt, 1988), evidences the presence of a stable
population.
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Finally, results show that the presence of pollutants influences the
survival and the abundance of benthic species, determining more or
less marked changes in the assemblages’ composition. However, in
case of intrinsic limiting conditions of natural or anthropic origins in a
water bodies, the absence of benthic fauna could not be sufficient to
indicate the presence of water pollution. In similar situation, the bio-
logical indicators alone could not provide a correct and synthetic eval-
uation of the effective ecological quality, or rather, it can be discrimi-
natory if so (developed biological community), but not significant if not
(absence of population).

Conclusions

Results from the three agricultural watersheds point out that:

- chemical parameters characterize water quality, in terms of pollutant
contamination, and allow the comprehension of their management
efficiency. In fact there is a relationship between the chemical indi-
cators (nitrate concentration and N balance) and land use (coverage
and management).

- chlorophyll-a concentration depends on N loads and generally its
value is correlated with the N concentration in water;

- the knowledge of the chemical water quality of a water body not
always provides information on the aquatic population health. A low
biodiversity could be due both to the presence of chemical contami-
nation or to limiting conditions of the system (e.g. water stress, lack
of riparian vegetation, steepness of the edge, homogeneity of the
substrate);

- in-depth knowledge of the area is necessary for a correct interpreta-
tion of the results and help to understand if both chemical and bio-
logical indexes are needed. Often, the site geomorphology is scarce-
ly considered by both scientific and political institutions, but this
study confirms its importance, as suggested also by Nardini et al.
(2008).

- a correct comparison of diverse sites using the species diversity
indexes is possible only if the area has similar geomorphology;

- only the integration of analysis of the benthic population with fluxes
of nutrients and water chemical investigation can provide a com-
plete description of the quality of the aquatic ecosystem, but in
absence of intrinsic limiting conditions of natural or anthropic water
body, the biological indicators alone could provide a correct and syn-
thetic evaluation of the effective ecological quality.
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