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Runoff in Cultivated Hilly Areas as Influenced
by Crops and Land Management
Linda Pieri1, Francesca Ventura1*, Nicola Gaspari1, Fiorenzo Salvatorelli1, Giuliano Vitali1, Paola Rossi
Pisa

INTRODUCTION
Runoff is the fraction of rainfall reaching the soil
surface which doesn’t infiltrate nor penetrate into the
soil by preferential flow in cracks, feeding directly the
surface hydrological network. Runoff is considered
one of the major erosion factors and sediment carrier
agent. It also represents a principal reason for soil
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degradation and loss of fertility, reducing water storage
capacity, with negative effects on agricultural
management practices and effectiveness. Beyond that,
runoff water carries with it dissolved chemicals and
soil particles determining erosion and water pollution.
From the view-point of surface hydrology, runoff is
characterized by an irregular flow regime, strictly
dependent from that of precipitations, and represents
the phenomenon behind river overflows and plain
flooding (Luino, 2005).
As runoff is mainly driven by rainfall, it is fundamental
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Riassunto: Il runoff costituisce una delle principali cause di perdita di suolo nelle zone collinari italiane. Attraverso
un’adeguata gestione del suolo, basata su appropriate scelte di sistemazione idraulica delle aree coltivate, di coperture
vegetali e di operazioni agronomiche, è possibile limitarne le conseguenze. Allo scopo di studiare l’argomento in dettaglio, è
stato allestito un esperimento di campo di lunga durata, 17 anni (1992-2009), in una zona collinare della provincia di
Bologna (Ozzano dell’Emilia, 44°24’N, 11°28’ E, 185 m s.l.m.), dove sono stati valutati gli effetti sul ruscellamento di diverse
coperture vegetali, sia erbacee (mais, frumento, sorgo, erba medica, loietto), sia arboree (ciliegio da legno), pendenze (da
0.65% a 17%) e sistemazioni dei terreni (giropoggio, ritocchino, diagonale). Lo schema sperimentale era costituito da 5
parcelle di 1000 m2 (50mx20m), ciascuna caratterizzata da una diversa pendenza e sistemazione. La granulometria delle zona
sperimentale è sabbioso-medio impasto e la gestione agronomica ha seguito le comuni pratiche agricole della zona. La
precipitazione è stata misurata in continuo, grazie ad una stazione meteorologica situata accanto alle parcelle; ciascuna
parcella è stata circondata da scoline, per garantirne l’isolamento idrologico, ed equipaggiata con strumenti di misura e
campionamento del ruscellamento. I risultati hanno mostrato che tra le colture pluriennali la parcella occupata dai ciliegi
da legno ha sempre prodotto una minore quantità di runoff rispetto all’erba medica, indipendentemente dalla pendenza.
Come media dell’intero periodo, il numero degli eventi di runoff è stato più alto nelle parcelle lavorate diagonalmente,
mentre la parcella che ha fornito i minori quantitativi di runoff è stata quella a giropoggio. Anche la parcella lavorata a
rittochino ha manifestato una buona capacità di controllare il ruscellamento. Infine, una significativa relazione è stata messa
in evidenza tra la quantità di pioggia durante l’annata agraria (da ottobre a settembre) e la media del numero di eventi di
ruscellamento, indipendentemente dalla copertura vegetale.
Parole chiave: gestione del suolo, sistemazioni colturali, esperimento di lunga durata, runoff, pendenza.
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Abstract: Runoff is one of the major causes of soil loss in the hilly areas of Italy. It is possible to successfully prevent the
phenomenon by an adequate drainage of water in the agricultural areas, via the modeling of soil surface, and choosing the
proper tillage and crop. The best soil management is selected by a deep knowledge of the chemical and physical properties
of soil, of the topography and the land use. In order to study the problem in detail, a field experiment was carried out in the
hillside next to Bologna, Italy (Ozzano dell’Emilia, 44°24’N, 11°28’ E, 185 m a.s.l.) for a 17-year-long period (1992-2009).
In this experiment the effect on runoff of field crops (maize, wheat, sorghum, alfalfa and rye-grass) and orchard (cherry trees),
with different slopes and land modelling, was evaluated. The crops were cultivated with various field modeling, in 5 plots
of 1000 m2 each (50m x 20m). The soil was sandy-loam and the tillage management was performed as in the common practice
of the area. Precipitation was continuously measured by a meteorological station next to the plots and each plot was equipped
with runoff ditches and measurement gauges. Results show that, between the multiannual crops, cherry trees orchard was
always more efficient than alfalfa in minimizing runoff, and independently from slope. As an average of the entire period,
the number of runoff events was the highest in the plots diagonally cultivated and was the lowest in the plot cultivated
following the contour lines. The up-and-down modelling gave good results in controlling the runoff. A significant relationship
was evidenced between the total amount of rainfall during the crop year (from October to September) and the mean number
of runoff events, irrespectively of the crop.
Keywords: land management, land modeling, long term experiment, runoff, slope, slope length.
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to parameterize the precipitation in terms of amount,
intensity and erosivity. In literature a number of
relations between rainfall intensity and the amount of
soil loss from runoff have already been proved
(Romkens et al., 2001).
Both in the case of runoff and erosion, a fundamental
role is given by vegetation canopy, surface slope and,
in agriculture, soil management, such as field
modeling type and direction (Ampofo et al., 2002;
Zhang and Garbrecht, 2002, Takken et al., 2001a,
Takken et al., 2001b, Souchere et al., 1998). Several
studies show that a vegetation cover can strongly
reduce runoff (Baumhardt and Jones, 2002; Fisher et
al., 2002; Rossi Pisa et al., 1999; Rossi Pisa et al.,
1996), decreasing droplets impact energy at the soil
surface, related to soil disaggregation and particles
detachment (Wischmeier and Smith, 1978). In
general, natural forests are subject to neglectable
erosion because of their multilayered canopy given by
trees, underwood and litterfall that protects surface
from rain droplets impact enhancing infiltration
(Grace, 2002). On tilled fields the choice of species
and of cropping techniques strongly determine
surface roughness and drives the origin of rills and
gullies (Leys et al., 2010, Takken et al., 2001,
Souchère et al., 1998, Ludwing et al., 1995, Desmet
and Govers, 1997).
Aim of this investigation is the evaluation of
relationships between runoff, overall in terms of
number and amount of events, vegetation cover,
agronomical practices and land modeling, and soil
slope, by means of a long-term experiment (17 years)
performed on cropped plots with a uniform slope.
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Fig. 1 - Bagnouls & Gaussen climatic characterization of the
experimental site of Ozzano dell’Emilia (BO) Italy – 185 m
a.s.l, in the period 1992-2009. Temperature is in °C, rainfall
and evapotranspiration in mm/month.
Fig. 1 - Caratterizzazione climatica di Bagnouls & Gaussen
del sito sperimentale di Ozzano dell’Emilia (BO), Italia - 185
m s.l.m. nel periodo 1992-2009. La temperatura è in °C, la
pioggia e l’evapotraspirazione in mm/mese.

MATERIALS AND METHODS
The experiment has been carried out in the farm of the
University of Bologna, located in the hilly area of
Ozzano dell’Emilia, (44°24’N, 11°28’ E, 185m a.s.l.).
The soil is a sandy loam, classified as Typic Ustochrept
(Rossi et al., 2000).
An automated agrometeorological station is installed in
the experimental area, the climate of the area is
represented in Fig. 1, by means of a Bagnouls and
Gaussen graph. The period of aridity goes from mid
Fig. 2 - Map
of the experimental area.
Plots, ditches, and the
contour lines are
in evidence.
Fig. 2 - Mappa dell’area
sperimentale.
Sono evidenziate le parcelle,
le scoline e le linee di livello.

11:27

Pagina 25

Tab. 1 - Tillage direction and slope of the plots.
Tab. 1 - Sistemazione e pendenza delle parcelle.

June to the beginning of September. In the period of
trial (1992-2009), the mean air temperature was 15°C,
about 1°C higher than the previous 20 years, while the
average annual precipitation was 717 mm. Together
with the rainfall amounts the intensity was measured, in
mm/10’.
The experiment was held on five rectangular
hydraulically isolated plots (Fig. 2), each of 1000 m2,
with sides of 50 m and 20 m, with the slopes and
hydraulic-agricultural management as shown in Tab. 1
(Rossi Pisa et al., 1986). Open ditches were dig on the
perimeter of each plot, parallel to the sides of the
rectangular plots, the runoff water was collected only
from the ditches that are thick in Fig. 2, and then
transported to the measurement device. The runoff
mean path in each plot depends on the slope and tillage

Tab. 2 - Crop rotation in the plots O1, O2, O3, G and R, date of sowing, harvesting and of the main tillages. All plots were
treated in the same way in the same year, all the tillages were performed using open field equipments.
Tab. 2 - Successione colturale nelle parcelle O1, O2, O3, G e R, data di semina e delle principali operazioni agronomiche. Tutte
le parcelle sono state sottoposte alla stessa gestione agronomica, utilizzando macchine da pieno campo.
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direction, going from a minimum path of 20 m for G, to
a maximum of 50 m for R. All the agricultural
managements
(tillage,
sowing,
fertilization,
agrochemical treatments, harvesting, etc.) were
performed following the direction of the longest side
and using the common machineries of the farm. The
details of the management are reported in Tab. 2.
The study period ranges from 1992/93 to 2008/09,
considering the crop year (from October to
September). All plots were cultivated with the rotation
typical of the region, based on macro thermal
herbaceous crops, namely sorghum and maize, and
micro thermal, the winter wheat. From 2001 to 2007
all plots were cultivated with alfalfa and from 2007 to
2009 with rye-grass (Tab. 2).
In 1996 one more down-hill plot of 360 m2 (9 m x 40
m) and 17% of slope was added, selecting an
appropriate area into a 10-year-old cherry orchard
(Prunus avium L.).
Runoff was collected by open ditches, settled downhill
(Fig. 2) and carried by aluminum pipes to steel
containers (internal size 70x70x70 cm3). The containers
have a triangular spillway at 50 cm from the bottom;
from here the water and sediment fell into a tipping
bucket (Fig. 3) which records, by means of a data
logger, the amount of water overflowed from the
container. This device is used only in case of intense
runoff events, most of the times the container capability
is enough.
The number of events and overflows occurred in each
plot was recorded all along the study period, while in
the sub-period 1996 to 2002 the amount of runoff water
collected from all the plots (except for the plot R) was
also recorded.
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Fig. 4 - Distribution of the number of runoff events per
month, for the six plots. The empty columns show the mean
monthly precipitation.
Fig. 4 - Distribuzione del numero degli eventi di ruscellamento per le sei parcelle. Le colonne vuote mostrano la precipitazione media mensile.

Fig. 5 - Monthly average of the recorded maximum intensity
of rainfall, in the period 1992-2009. Notice that Imax = 10
mm h-1 is defined by the UK Met Office as “heavy rain”.
Fig. 5 - Media mensile dell’intensità di pioggia massima registrata nel periodo 1992-2009. Da notare che Imax = 10 mm
h-1 è definita “pioggia forte” dall’ UK Met Office.

RESULTS AND DISCUSSION

Fig. 3 - Experimental station for the measurement of runoff
and the collection of samples.
Fig. 3 - Stazione sperimentale per la misura di runoff e la
raccolta dei campioni.

3.1 Relationship between rainfall
and runoff events
Precipitation pattern during the years 1992 – 2009
shows a monthly distribution characterized by two
picks, in Spring (secondary) and Autumn (principal),
as in Fig. 1. This characteristic remains when dealing
only with the rainfall that produced runoff. In
particular, in this case, the secondary pick was in April
and the principal in November/December, as shown
by monthly precipitation in Fig. 4. In this figure, it is
also evident that the maximum number of runoff
events occurred in these two periods. Fig. 5 shows
Imax in mm per hour, average of the considered
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Tab. 3 - Detailed description of the late summer-early autumn runoff events in the sub-period 1996-2002. For each event
the quantity, intensity and 30-min rainfall erosivity index EI30 were calculated. The runoff is characterised by the maximum
and minimum recorded amount, and the plots where they occurred.
Tab. 3 - Descrizione dettagliata degli eventi di runoff avvenuti alla fine dell’estate o all’inizio dell’autunno nel sotto-periodo
1996-2002. Per ogni evento sono stati calcolati: quantità, intensità, indice di erosività EI30 della pioggia. Per il runoff sono
state indicate: la quantità massima e minima registrata e le parcelle dove queste quantità sono state registrate.

are detailed in Tab 3. The table shows the rainfall
amount, the maximum intensity, and the 30 minutes
erosivity index of rainfall, as used in the Universal Soil
Loss Equation for predicting soil loss from agricultural
hill slopes (Wischmeier, and Smith, 1978) only for the
end-of-summer/early-fall events. In the second half of
the table the maximum and minimum height of runoff
are shown, together with the plot/plots where they
Rivista Italiana di Agrometeorologia - 1/2013

Fig. 6 - Runoff events number (mean of the plots) as a function of the annual precipitation in the period 1992-2009.
Fig. 6 - Numero di eventi di runoff (media delle parcelle) in
funzione della precipitazione annuale nel periodo 1992-2009.
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period. Notice that the summer months have Imax >
10 mm h-1, limit that define the “heavy rain” by the UK
Met Office, and the pick is in July. The actual
maximum, during the considered period, was of 22
mm/10’, for a total amount of 177.2 mm in the event,
recorded on the 10th of July, 2006. This very heavy
rainfall occurred on the bare soil after the harvesting of
wheat and the main plowing (50 cm deep), producing
a runoff of 143.4 mm in O2 (Tab. 3).
As reported by Fang (2012), rainfall characteristics are
decisive for the relative importance of different storms
in the runoff generation mechanisms, while NadalRomero et al. (2008) suggested that local storm patterns
is fundamental in determining the shape of the runoff
hydrograph. In this research, a linear relationship
between the rainfall amount during the crop year and
the average number of runoff events was found, when
considering results from plots with herbaceous crops,
regardless of species and plot slope (modeling) (Fig. 6).
This confirms the rainfall main role in runoff formation,
since the other factors, i.e. the physical characteristics of
soil, are the same.
During the sub-period 1996-2002, forty-six rainfall
events produced runoff, at least in one plot. The most
erosive events occurred during summer/autumn, and
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occurred. Generally in this period the precipitation find
dry soils, crops already harvested or at the end of the
cycle, with low evapotranspiration and poor ground
coverage. All these factors, together with the high
intensities of rain, makes late summer/early autumn the
most dangerous period for erosion.
ANOVA statistical analyses show correlations between
the runoff amount and the rainfall characteristics for
each plot, varying the soil vegetation cover. When the
vegetation covers completely the ground, there is a
significant correlation between rainfall amount and
runoff for O3 and G (p<0.05). Moreover, during low
crop cover stages (about 50% of coverage), we found
significant correlation in O1 (p<0.05). In general the
vegetation cover effect is not always directly correlated
with runoff, due to the complexity of the process
(Ventura et al., 2004; Pieri et al., 2009).

years. In particular during the alfalfa years a variation of
vegetation cover was visually observed and proved
through the yield data. As shown in Fig. 8 the trend of
its annual yield for 7 years has a bell-shape, highlighting
that the soil cover was higher in the central period,
while it was lower in the beginning and final periods.
In the year 2002-03, the yield was 6,5 t/ha, as an
average, with the largest number of event (16), while in
2006-07 it was 5.6 t/ha, with a very low number of
events (4). These diverse yields may demonstrate a
different effectiveness in protecting soil from runoff
In addition to the number of events, it is interesting to
evaluate the amount of runoff measured. To determine
runoff differences due to crop effects, the data set of
the sub-period 1996-2002 was considered, i.e. three
crop cycles of wheat, two of sorghum and three of
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3.2 Crop effect on runoff
The proportion of soil surface that is bare and therefore
exposed to raindrop impact and crusting follows land
use. This factor influences interception and surface and
subsurface water storage capacities directly.
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3.2.1 Comparison among herbaceous crops
Considering the events number for the whole period,
independently from the runoff quantity, sorghum plots
had the lowest number of events, as average among
plots, while alfalfa had the highest number of events
(Tab.4). This is mainly due to the rainfall characteristics,
which substantially influence the runoff generation. In
fact comparing the wettest (2005/06, with 997 mm) and
the driest year (2006-07, with 496 mm), both occurring
with alfalfa, the number of runoff events, as average of
all the plots, was 23 and 3 respectively. Indeed, 2002-03
was another dry year (520mm) with the same coverage
but it produced 16 runoff events. This difference with
the 2006-07 year may be explained by the distribution
of the rainfall events during the year: in 2002-03 all the
events were during the fall-winter, apart from four in
April, and were quite abundant, while in 2006-07 the
few events were distributed more homogeneously
during the whole year. Furthermore, of all these rainfall
events, in 2002-03 there were 18 “heavy rains”, while
only 10 in 2006-07. So the different number of events
of runoff to equal amounts of rain is, in this case,
connected to its distribution throughout the year. A
significant linear relationship between P (mm/year) and
number of runoff events was found, with alfalfa as
vegetation cover, independently from slope (Fig. 7), not
taking into account the year 2002-03,
Having a higher number of runoff events with a
multiannual crop, such as alfalfa and rye-grass (Tab. 4)
may be due to a change of the crop cover during the

Fig. 7 - Runoff events number (mean of the plots) as a function of the annual precipitation in the period 2000-2007. The
dot is the year 2002-03, and was not considered in the regression equation.
Fig. 7 - Numero di eventi di runoff (media delle parcelle) in
funzione della pioggia annuale nel periodo 2000-2007. Il
punto è dell’anno 2002-03 e non è considerato nell’equazione
di regressione.

Fig. 8 - Alfalfa mean yield during the years (t/ha).
Fig. 8 - Rese medie dell’erba medica nel periodo studiato (t/ha).
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Fig. 9 - Average monthly runoff (mm) in plots O1, G, O2,
O3 of the period 1996-2002.
Fig. 9 - Runoff medi mensili (mm) nelle parcelle O1, G, O2,
O3 del periodo 1996-2002.

drops, while in autumn, despite the absence of foliage
coverage, both the undergrowth and the leaves of the
cherry trees, fallen on the ground, constitute a
protective layer on the soil, absorbing the rainfall impact
energy. Only in February the runoff generated in the C

Rivista Italiana di Agrometeorologia - 1/2013

3.2.2 Comparison between alfalfa and cherry wood
Alfalfa and cherry wood are both multiannual crops,
characterized by a full coverage of the soil for the whole
year. Fig. 10 shows the runoff amount for all plots
cultivated with alfalfa and cherry wood in five
representative events, occurred during the crop cycle
2001/2002. No clear differences between alfalfa and
cherry wood crops can be deduced from the graph,
despite the higher slope of the C plot (17,9%) with
respect to the others. Indeed, as reported also by several
other studies (Sinun et al., 1992; Wiersum, 1984) the
canopies of orchards or forest are very effective in
reducing the erosive power of raindrops and they
provide materials for soil cover on the forest flow (Fang
et al., 2012). The interception of raindrops through
trees canopy, underwood and litterfall lead to a
reduction of the raindrop energy, which depends on the
raindrops’ size and velocity, to almost zero, when it
reach the soil (Binkley and Brown, 1993). So the soil
protection is guaranteed all the year: during the
summer the foliage of cherries intercept the rainfall
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alfalfa. The mean annual runoff was 0.8mm for wheat,
40.2mm for sorghum and 1.6mm for alfalfa. Indeed
there was a high variability among years with the same
crop, probably due to the diverse characteristics of the
rainfall events which produced runoff.
Fig. 9 shows the mean monthly runoff quantities for the
different crops. As it was highlighted also with the
annual amount, the most abundant runoff events
occurred with sorghum, when the soil was bare after
harvesting and the rain plentiful (Oct-Dec), having
runoff coefficients ranging from 0.01 to 0.81 mm per
event, depending on plot and month. Wheat showed
low runoff values the year around, having only one
runoff event higher that 1 mm (in November, in plot
O1, O2, and G). Alfalfa protected the soil better than
the other crops, with the smallest quantity of yearly
runoff. With alfalfa the highest monthly runoff was 6.7
mm in January; in the other rainy months runoff was
quite small (<1 mm) in all plots.
This results can be explained by the diverse crop cycle:
with sorghum the soil was bare for about eight months,
mostly during the rainy seasons. The alfalfa has a
permanent soil coverage for the whole year, while the
other species left the soil bare for long periods (Bochet
and García-Fayos, 2004).
In the sub-period 1996-2002, characterized by annual
precipitation close to the climatic mean of the area,
alfalfa and wheat were more effective than sorghum in
limiting runoff. When looking at the number of runoff
events (Tab. 4) alfalfa had the largest (13 as an average
of the two years) followed by sorghum (8 events) and
wheat (6 events) .
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Tab. 4 - Crop, annual rainfall (mm ) and number of runoff events for each crop cycle of the trial and its average per year.
Tab. 4 - Specie colturale, quantità di pioggia annuale (mm), numero di eventi di runoff per ciascun ciclo colturale e sua media annuale.

plot is higher than the other plots, apart from O2, and
this can be explained considering that, in winter, trees
are without leaves and the runoff is contrasted only by
a reduced undergrowth.
In any case, in general the cherry wood plot, with its
heterogeneous undergrowth, is able to control with
efficacy the rainfall effect on runoff and erosion, for the
whole year.
3.3 Relationship of slope and land modeling
with runoff events
Tab.5 shows the values of the main characteristics of
runoff (number of events, maximum and average
amount of runoff per event, in mm) and the slope of

the plots with herbaceous crops, in the period 19962002. (For plot R quantitative values were not available
for that period).
The plot slope affects the maximum amount of runoff,
but not the number of events or the average runoff.
Considering the diagonal plots (O1, O2, O3), the
average runoff is low in plots with low slope; for steep
slopes the path length of water has the main influences
on the phenomenon. In fact, as reported by Leys et al
(2010) runoff and erosion are scale-dependent: the
experimental plots have the same size (50m x 20m), but
the runoff runs a path due to the tillage direction, up to
convey to the downstream ditch. Furthermore, the
length that the water takes depend on the plot
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modeling. Considering all the plots with herbaceous
crops, for the entire period 1992-2009, the number of
runoff events was maximum in plots diagonally
ploughed (O1, O2 and O3) and minimum in the
contour lines plot (G), as an average over the period,
regardless to the crop (Tab. 5).
The effect of the land modeling is evident only for
alfalfa and rye-grass, grown in the final period of the
experiment. While, in fact, for the other crops the
number of runoff events does not change depending
on the plot, this does not happen for alfalfa and ryegrass. In particular the G and R plots reduce the runoff
events of alfalfa with a percentage ranging from 6 to
17%, depending on the compared plot, while the G
plot decreases the number of events with rye-grass of
45% (Tab. 4).

CONCLUSIONS
Slope, crop cover and land modeling affect the quality
and quantity of runoff events, but the results obtained
during a 17-year-long experiment show that rainfall has
the greatest effect. In particular the rainfall amount and
its picks are the most important factors in predicting
and indicating the degree of runoff and soil erosion in
the studied area. It’s very important knowing the
pluviometric regime of the studied area, since in the
majority of events erosion depends on a few intense
rainfall events.
Considering the land modeling, the contour plot
resulted the most efficient in limiting runoff, followed
by downslope, while the diagonally ploughed,
independently by slope, can lead to many more events,
indicating that the length of the path may have a
inverse effect on soil conservation. Regarding to the
effect of crops, annual crops (wheat and sorghum),
determine as an average eight or nine events per year,
while rye-grass can get to thirteen events per year,
probably due to the low germination of this crop in
summer arid conditions, that limits the coverage effect.
Between the permanent vegetation, good results are
obtained with the cherry tree wood, with which the
land is protected by the canopy and that, even with
only the undergrowth, limits the surface runoff in
comparison with the other perennial crop, alfalfa. The
role of alfalfa seems to be controversial, a larger
number of runoff events, but all of quite low amount
and consequently only slightly erosive.
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Tab. 5 - Characteristics of runoff as a function of plot slope
for the period 1996-2002.
Tab. 5 - Caratteristiche del runoff in funzione della pendenza
delle parcelle nel periodo 1996-2002.
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and sorghum), determine as an average eight or nine
events per year, while rye-grass can get to thirteen
events per year, probably due to the low germination of
this crop in summer arid conditions, that limit the
coverage effect.
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