
Abstract
Soil erosion is one of the biggest environmental problems

throughout European Union causing considerable soil losses.
Vegetation cover provides an important soil protection against
runoff and soil erosion. To this aim, unlike annual crops, perennial
plants have the advantage of covering soil for a longer time and
reducing soil erodibility thanks to SOM increase due to litter
effect and to reduction of soil disturbance (no-tillage). Two exper-
iments were carried out in marginal hilly areas (10% slope) of
Southern Italy: i) long-term experiment in which it was evaluated
the effect of two fertilization doses (N: 100 and 50 kg N ha−1 from
urea) on Arundo donax L. biomass production as well as its effect
on soil erosion; ii) three-year experiment to evaluate the soil cover
capacity of the giant reed by analysing the plant leaf area index
(LAI). Results of the two experiments showed a good soil protec-
tion of Arundo donax L. that reduced soil losses by 78% as com-
pared to fallow and showed soil erosion reduction not different
from permanent meadow thanks to the soil covering during the
period with the highest rain erosivity and to the reduction in soil
erodibility. The protective effect of Arundo donax L. from rain

erosivity was also confirmed by LAI analysis that showed a good
soil covering of giant reed in the above mentioned period, even
during the initial yield increasing phase following crop transplant.
According to biomass yield, from the fifteen year of cultivation in
a low fertile inland hilly area of Southern Italy, giant reed was
characterized by a yield-decreasing phase that resulted postponed
as compared to more fertile environments thus ensuring a long-
standing soil protection from soil erosion. In addition, the higher
nitrogen fertilization dose (100 kg ha−1 of N) allowed interesting
biomass yield as compared to the lower dose (50 kg N ha−1) and
kept constant SOC along the year of experimentation due to an
improved contribution of leaf fall, root exudates and root turnover
to soil. 

Introduction
Soil erosion is one of the main environmental threats through

the European Union (Guerra et al., 2016). The main causes of soil
erosion comprise human activities such as incorrect soil cultiva-
tion, overgrazing and deforestation combined with natural events
such as steep topography and heavy rainfall (Ricci et al., 2020).
The main consequences of soil erosion are the pollution of water,
reduction in water storage capacity of soil and loss of nutrients and
organic matter causing the reduction of crop yield (Cerdan et al.,
2010; Rickson, 2014; Wang et al., 2020). Soil erosion by water is
divided into two main processes: the detachment of soil particles
from the soil and their subsequent transport (Webster, 2005). It
was suggested that a soil loss of more than 1 Mg ha−1 yr−1 might
be considered as irreversible over a period of 50-100 years due to
the very low soil formation rate (Durán and Rodriguez, 2008). The
Mediterranean region is particularly vulnerable to soil erosion due
to the existence of rills, gullies and eroded torrential headwaters
that contributed to high sediment yield (Vanmaercke et al., 2011).
In addition, susceptibility to soil erosion of Mediterranean region
is enhanced by the intensive cultivation on steep slopes and by the
alternance of long dry periods with intense rainfall events (Durán
and Rodriguez, 2008; García-Ruiz et al., 2013). It was estimated
that about 44% of the Mediterranean area is vulnerable to soil ero-
sion by water (Pena et al., 2020). 

Vegetation cover provides an important soil protection against
runoff and soil erosion by reducing erosivity of rain and water ero-
sion rate because of the protective effect of soil by plant canopy
and leaf litter (Montagnoli et al., 2016). In this respect, many
authors indicated that the leaf area index (LAI) is correlated to the
reduction of rainfall kinetic energy and sediment concentration by
vegetation canopy (Zhang et al., 2003; Klima and Wiśniowska-
Kielian, 2006; Song et al., 2018). In addition, the protection from
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soil erosion is supported by the improvement of soil physicochem-
ical features (Jien and Wang, 2013) and by the effect of plants roots
on soil aggregation and soil erodibility (Ola et al., 2015). 

Soil erosion is particularly intense in some environments like
sloping farmlands due to the lack of a long-term stable vegetation
cover that report seasonal variations according to crop cycle (Ma
et al., 2016). Furthermore, during the stages of tillage, sowing, and
seedling, the soil is not covered by vegetation thus favouring soil
erosion (Ma et al., 2016). Unlike annual crops, perennial plants
have the advantage of covering soil for a longer time, reducing soil
disturbance and providing a constant input of organic matter
thanks to the litter effect (Fernando et al., 2010; Durán et al.,
2013). Among the different perennial crops, giant reed (Arundo
donax L.) has received a great interest in recent years due to its tol-
erance to many environmental stresses (contamination, pests, salts;
Di Mola et al., 2018) and its beneficial effect on soil organic car-
bon, soil structure and water retention (Pulighe et al., 2019). In
addition, giant reed is characterized by fast grown rate and high
yield (Fierro et al., 2019) and provides a lignocellulosic biomass
viable for bioenergy, biofuels, chemicals, biopolymers, biocom-
posites and construction materials (Calvo et al., 2018). Fagnano et
al. (2015) also suggested that giant reed might mitigate soil erosion
by reducing water runoff and, indirectly, soil erodibility. 

Farmers because of low income and high water erosion gradu-
ally abandon many hilly farmlands in Campania region (southern
Italy) cultivated with cereals (Forte et al., 2018). In this respect, the
cultivation of perennial lignocellulosic non-food crops such as
giant reed may be beneficial for farmers by reducing soil erosion
and agronomic input requirements. Therefore, the aims of this
study were to evaluate: i) the giant reed effect on soil erosion and
soil quality by comparing two fertilization doses in a five years
field trial; ii) the soil cover capacity of the giant reed under low
agronomic inputs conditions (without irrigation and fertilization)
in a three years field trial. 

Materials and methods
Two experiments were carried out in marginal slope areas

(10% slope) of southern Italy (Sant’Angelo dei Lombardi -
40°92’N, 15°12’E, 700 m a.s.l.). 

The study area climate was typical of Mediterranean area, with
hot and dry summer and cold winter with many days (up to 62 days
per year) showing daily absolute minimum (min) temperatures
below zero. The minimum temperatures ranged between –7 and –
4°C while the maximum (max) temperatures were between 33 and
39°C along the years of experimentation (Table 1).

Water balance (WB) was calculated as the difference between
cumulative rainfalls and reference Evapotranspiration (ET0;

Hargreaves et al., 1985) for each year. Reference evapotranspira-
tion was calculated as following:

ET0 = 0.0023 Ra (Tmean + 17.8) (Tmax – Tmin)0.5                            (1)

where: Ra is the extra-terrestrial solar radiation (mm day–1); Tmax is
the mean daily maximum temperature (°C); Tmin is the mean daily
minimum temperature (°C); Tmean = (Tmax – Tmin) / 2.

Water balance showed high water surplus in autumn-winter
(from November to March) every year of experimentation ranging
from 217 mm in 2017 to 506 mm in 2016 (Table 1). During this
period the soil of the farmland is covered only by traditional crops
of the area (i.e., durum wheat) that have limited soil protection by
soil erosion. The driest months that reported the highest mean tem-
peratures and water deficit (Figure 1) were July (35°C; –126 mm)
and August (35°C; –119 mm).

A 15-years long-term experiment was carried out in which two
fertilization doses (N: 100 and 50 kg N ha−1 from urea applied in
March of each year) were compared and arranged on a randomized
complete block design with three replicates. The soil of the study
area was characterized by clay loam texture, low organic matter
(OM) content and alkaline pH (Table 2) (Mori and Di Mola, 2012). 

Giant reed rhizomes were transplanted in February 2004 at the
density of 1 plant m–2 in 140 m2 (10 m wide × 14 m length) plots
with a 10% constant slope. Three fallow plots and one plot covered
by permanent meadow were included as negative and positive con-
trol, respectively, to assess the vegetation effect on soil water ero-
sion. Runoff from each plot was collected by conveying the runoff
to tanks by a logline at the lower end of each plot. Runoff was eval-

                                                                                                                                 Article

Table 1. Temperatures (average values) and water balance (2014-2018) of the study area.

Year                                  Temperature (°C)                                                       Water balance (mm)                           
                         Average      Absolute max     Absolute min                  Apr-Oct           Nov-Mar           Year                Rain                    ET0
                                                                                                                                                                                      (mm yr–1)          (mm yr–1)
2014                                13                            33                                –7                                        –307                        273                      –33                      1012                           1046
2015                                17                            37                                –4                                        –482                        218                     –264                      844                            1108
2016                                15                            34                                –5                                        –292                        506                      214                       1274                           1061
2017                                16                            39                                –6                                        –515                        217                     –297                      642                             940
2018                                15                            35                                –4                                         –97                         332                      235                       1125                            890
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Figure 1. Monthly rainfall, temperatures and ET0 of the study
area - Average values (2014-2018). ET0, Evapotranspiration; Max
T, Maximum temperature; Min T, Minimum temperature. 
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uated by measuring the water level in the tanks after each effective
rainfall, then the suspension (runoff and sediments) were mixed
thoroughly and samples of approximately 1 L were taken and oven
dried at 105°C to determine the sediment concentration (g L–1)
(Fagnano et al., 2015). Each plot was enclosed by 40 cm metal
sheets fixed into the soil, for ensuring that collected water only
derives from runoff from the same plot. The amount of eroded soil
(kg ha−1) was calculated from runoff volume (m3 ha−1) and sedi-
ment concentration (g L−1). Giant reed biomass yield and soil ero-
sion from 2004 to 2012 were reported by Fagnano et al. (2015)
while results of the last five years are showed in this study (from
2014 to 2018). Plant shoots were harvested in the winter after each
growing cycle (February) on 10 m2 sampling areas and the total
biomass was weighted (fresh weight). Then, a subsample (1 kg) of
each fraction was oven dried at 70°C to constant dry weight. A
bulk soil sample (0-20 cm layer) was collected from each replicate
at the beginning (T0 - 2014) and at the end of the experimentation
(T1 - 2018). Soil sample was dried at 70°C until constant weight,
homogenized and sieved at 2 mm before analysis of organic carbon
(SOC) content (Walkley and Black, 1934). 

A three-year experiment was carried out on a 200 m2 area to
evaluate the soil cover capacity of giant reed cultivated in low
input cropping system (without irrigation and fertilization). The
soil of the study area was characterized by clay texture, OM con-
tent and sub-alkaline pH (Table 3) (Mori and Di Mola, 2012). 

Rhizomes (local ecotype) were transplanted on spring 2014 at
a density of 2.1 plant m–2 (0.6×0.8 m). Aboveground biomass
(culms+leaves) was collected on 2 m2 sampling area at monthly
intervals from July 2014 (4 plants per sampling) until to December
2016. Leaves were separated from culms and leaf area (m2 plant–
1) was measured for each plant by using LI-3100C Area Meter
(LICOR, Lincoln, NB, USA). LAI (m2 m−2) was calculated by
multiplying the leaf area by the plant density. 

Statistical analysis
The statistical analyses were all carried out by using Ms Excel

2013 and SPSS 21 (SPSS Inc. Chicago, USA). All data were sub-
jected to analysis of variance (ANOVA) using a general linear
model and means were separated according to LSD test with
P<0.05. Normality of distribution and homogeneity of variance
were verified by using the Kolmogorov-Smirnov and Levene tests,
respectively. Logarithmic transformation was applied to studied
variables to ensure normality of distribution. The LAI data was
subjected to regression analysis (Impagliazzo et al., 2017).

Results and discussion

Long-term giant reed biomass yield
During the first 4 years of the monitoring period, the giant reed

biomass yield showed an oscillatory pattern with significantly
lower values in 2015 and 2017 (Table 4) probably due to the higher
water deficit reported in these two years in the period (Apr-Oct)
when giant reed growth is higher in the studied area (Table 1;
Impagliazzo et al., 2017). In addition, a decreasing trend (–24.0%)
was recorded with yields lowering from 2017 to 2018 (Table 4).
Angelini et al. (2009) reported a similar yield reduction from the
ninth year of experimentation in a twelve years field trial reporting
an average yield of 25.5 Mg ha–1 (from 9th to 12th) that was higher
than that of our field trial (14.9 Mg ha–1). This difference was prob-
ably due to lower temperatures and lower fertility of our site (low
content of organic matter in the studied soil). Oppositely, giant
reed yields in our field trial were in accordance to those from Nassi
o Di Nasso et al. (2010) who described a ten-year experiment rel-
ative to giant reed cultivation on low fertility soils. Therefore,
according to our findings, we can hypothesize that even if giant
reed biomass yield was lower as compared to more fertile environ-
ments (characterized by high soil organic matter content), a longer
lag phase with constant production and consequently a longer time
soil protection was reached. 

Plant height showed no significant differences along the years
of experimentation (Table 4) presenting a lower height (188 cm on
the average) than height value (216 cm on the average) reported by
Fagnano et al. (2015) in previous years (2004-2012) of the same
field trial. Dry matter (%) of biomass was 50% on the average and
varied during the different years (Table 4) probably due to weather
seasonal variations in accordance with Angelini et al. (2005). Dry
matter content of giant reed biomass is an important parameter for
biomass storage and use as raw material for energy (woodchip) or
biogas and biofuel production (Dragoni et al., 2015; Corno et al.,
2016). Fagnano et al. (2015) and Bonfante et al. (2017) tested
giant reed in marginal areas of Southern Italy reporting an average
biomass yield close to that of our study (15 Mg ha–1) and conclud-
ing that giant reed cultivation may be a valid alternative to tradi-
tional crops of marginal non-irrigated areas (i.e. durum wheat) by
increasing farm incomes with woodchip biomass production.

The higher N fertilization level (N100) increased biomass pro-
duction by 18.0% and culm height by 2.1% on the average as com-
pared to N50 (Table 4) and this result is in accordance with previ-

                   Article

Table 3. Initial soil physicochemical properties before the three-year experiment.

Layer (cm)        Sand (%)             Silt (%)                Clay (%)                  pH                 TN (g kg–1)               OM (g kg–1)           OC (g kg–1)

0-20                                  37.0                             19.9                                43.1                             7.80                              0.10                                      13.0                                  7.8
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Table 2. Initial soil physicochemical properties before the long-term experiment.

Layer (cm)        Sand (%)             Silt (%)                Clay (%)                  pH                 TN (g kg–1)               OM (g kg–1)           OC (g kg–1)

0-20                                  36.9                             24.3                                38.8                             8.07                              1.01                                      15.1                                  9.1
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ous works (Fagnano et al., 2015; Impagliazzo et al., 2017) sug-
gesting that N inputs are mandatory to allow high biomass yields
in the studied site. The higher N dose may also increase the above-
ground biomass combustion by reducing ashes accumulation in the
aboveground biomass due to high nutrient availability to plants
and their consequent translocation to rhizomes (Nassi o Di Nasso
et al., 2009). 

Giant reed soil cover potential
LAI was described by a quadratic function for all the three

years showing a linear increase during the first year until October
(DOY: 304; 1.8 m2 m–2 on the average) while there was a LAI
decrease during the next two months due to winter cold (Figure 2).
Differently, during the next two years, because of colder weather
conditions, the LAI peak was reached in August reporting a LAI
value of 2.9 m2 m–2 in the second year and of 4.2 m2 m–2 in the
third year. 

In our experiment LAI average value showed an increasing
trend during the three years of experimentation as also observed by
Impagliazzo et al. (2017) in a ten-year giant reed growth analysis
carried out in the same area. It is a likely hypothesis that LAI val-
ues from the last year of our experimentation are representative of
plant cover during the successive cropping cycles, suggesting a
potential long-lasting effect of giant reed on soil coverage. This
because our results belong to the 4-year yield increasing phase of
giant reed, that leads to a plateau value kept almost for the follow-
ing 10 years in Mediterranean environments as also observed by
Angelini et al. (2009) and Bonfante et al. (2017). 

Furthermore, by comparing the LAI average values of the last
two year of experimentation with corresponding water balance val-
ues (Figure 3), high LAI values were recorded during the months
characterized by the highest water surpluses (1.7, 1.4 and 0.8 m2

m–2 for October, November and December, respectively). Some
authors showed a negative correlation between LAI and soil loss
(Zhang et al., 2011) suggesting that crops allowing high soil cov-
erage can significantly reduce soil erosion. Klima et al. (2016)
showed that a winter crop of the same family of giant reed
(Poaceae) may reduce soil loss intensity efficiently when LAI was
higher than 0.4 m2 m–2 and showing max soil loss reduction when
LAI was higher than 1.6 m2 m–2 thus suggesting a good soil pro-
tection by giant reed during the months (i.e., September-
November) characterized by higher rain erosivity in Mediterranean

environment (Diodato et al., 2009, 2011). In addition, in January,
February and March when water surplus are still high (Figure 3),
Cosentino et al. (2015) suggested that the continuous release of
organic residues by giant reed ensure a mulching effect that may
reduce the effect of heavy rains contributing to soil erosion reduc-
tion. 

Long-term effect of giant reed on soil organic C
At the end of the monitoring period (T1) the SOC content of

N100 treatment was 13% higher than N50 and no SOC variation
was recorded for the highest N dose compared to the initial values
(T0). This result was probably due to the higher biomass produc-
tion of N100 that likely increased crop residues to soil (litterfall)
and also enhanced root exudates and root turnover to soil as sug-
gested by Fagnano et al. (2015). Furthermore, Fernando (2013)
indicated that soil C was also better protected by the litter effect
and by the absence of soil tillage ensuring carbon storage in soil.
Our findings indicated that even in no-tillage systems, thanks to
the presence of a perennial crop as giant reed, low N input man-
agement is not able to provide an adequate litter input to the soil
and keep constant SOC levels.

                                                                                                                                 Article

Table 4. Biomass yield (Mg ha–1 DW), dry matter content (%)
and culm height (cm) of giant reed along the five years of exper-
imentation. N50 and N100 are the two fertilization doses (50 and
100 kg N ha−1). 

                                           Biomass yield     Dry matter    Height
                                          (Mg ha–1 d.w.)          (%)           (cm)

Year                       2014                            18.8a                           49b                  184
                               2015                            12.4b                           50b                  179
                               2016                            17.5a                           56a                  200
                               2017                            14.0b                           50b                  192
                               2018                            11.8b                           49b                  184
Fertilization         N50                              13.5                             51                   186
                               N100                            16.4                             49                   190
Significance         Year                              **                             **                   n.s.
                               Fertilization                **                             n.s.                  n.s.
                               Y×F                             n.s.                            n.s.                  n.s
a,bValues followed by the same letter do not differ significantly according to the LSD test (P<0.05).
**P<0.01; n.s., not significant.

Figure 2. Changes of leaf area index (m2 m-2) values (LAI) during
the three year experiment (2014-2016). DOY, day of the year. 

Figure 3. Monthly changes of leaf area index (LAI) and water bal-
ance (WB) average values of the years 2015 and 2016. 
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Soil loss reduction by giant reed cultivation
Giant reed significantly reduced total runoff, eroded soil and

sediment concentration respectively by 65% (63 m3 ha–1 vs 181 m3

ha–1), 78% (0.05 Mg ha–1 vs 0.21 Mg ha–1) and 34% (0.71 g L–1 vs
1.08 g L–1) as compared to fallow. The year by soil cover interac-
tion showed a significant reduction of total runoff and eroded soil
by giant reed cultivation as compared to fallow in all the year of
experimentation (Tables 5 and 6) with the highest difference in
2018 (0.10 Mg ha–1 vs 0.66 Mg ha–1, on the average) when the
highest autumn-winter water surplus occurred (Table 3). These
results are in accordance with those from Fagnano et al. (2015) in
previous years of the field trial (2004-2012) and are mainly due to
the giant reed protective effect from rain erosivity and to the reduc-
tion in soil erodibility. In particular, the vegetation cover can
improve the soil surface roughness and it works as a consecutive
obstacle to surface runoff also increasing the infiltration rate (Lin
et al., 2018). In addition, crop canopy can weaken rain kinetic
energy by intercepting raindrops thus preventing their directly
strike on ground surface (Ma et al., 2016). However, Fagnano et al.
(2015) reported an higher average soil erosion under both fallow
(1.76 Mg ha–1) and giant reed (0.18 Mg ha–1) as compared to that
reported in this study probably related to higher rainfall intensity
that has led to a greater runoff, sediment concentration and conse-
quently increased soil erosion (Mohamadi and Kavian, 2015; Zhao
et al., 2015). 

Both giant reed and meadow significantly reduced (P<0.05)
eroded soil as compared to fallow respectively by 78% (0.05 vs
0.21 Mg ha–1 on average) and by 85% (0.03 vs 0.21 Mg ha–1 on the
average) showing no differences between the two soil coverings
(Figure 4B). This result is in accordance with Vacca et al. (2000)
that showed erosion rates between 0.03 and 0.05 Mg ha−1 in runoff
plots in Italy covered by permanent herbaceous plants. 

The same tendency was reported for total runoff and sediment
concentration, however by comparing the average total runoff and
sediment concentration of giant reed with permanent meadow
(Figure 4A), the former showed a significant higher sediment con-
centration (0.7 g L–1 vs 0.5 g L–1). This behaviour was in accor-
dance with Zhao et al. (2019) and was associated to the reduced
rain splash soil erosion due to the more intensive interception layer
of the meadow as compared to giant reed.

According to these results, giant reed may improve ecosystem
services of hilly cropping systems (Zucaro et al., 2016) subjected
to water erosion. In particular, giant reed can ensure soil covering
during the period (i.e., September-November) characterized by
higher rain erosivity in Mediterranean conditions (Diodato et al.,
2009, 2011) and reduce soil erodibility by increasing soil organic
matter (Fagnano et al., 2015). 

                   Article

Table 6. Total runoff (m3 ha–1) and Eroded soil (Mg ha–1) from
2014 to 2018 with fallow and giant reed soil cover. 

                                           Total runoff                   Eroded soil
                                             (m3 ha–1)                      (Mg ha–1)

Fallow                  2014                           258a                                         0.13b
                              2015                           116d                                         0.10bc
                              2016                           184c                                         0.10cd
                              2017                           116d                                         0.07de
                              2018                           229b                                         0.66a

Giant reed          2014                              78ef                                        0.04ef
                              2015                              35g                                         0.03f
                              2016                              66ef                                        0.03f
                              2017                              53fg                                        0.03f
                              2018                              82e                                         0.10bc

ANOVA                 Year                           **                                            **
                              Soil cover                 **                                            **
                              Y×S                            **                                            **
a-gValues followed by the same letter do not differ significantly according to the LSD test (P<0.05). **P< 0.01.

Figure 4. Total runoff (m3 ha–1) and sediment concentration 
(g L–1) (A) and eroded soil (B) under different soil cover. Bars
with letters are significant according to the LSD test (P<0.05).
Capital letters represent differences between sediment concentra-
tion or eroded soil under different soil cover while small letters
represent differences between total runoff under different soil
cover. Bar graphs with the same capital or small letters are not
significantly different, whereas those with different capital or
small letters are significantly different. 
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Table 5. Soil organic C (SOC) (g kg–1) at the beginning (T0) and
at the end (T1) of the field trial. N50 and N100 are the two fer-
tilization doses (50 and 100 kg N ha–1). 

                        SOC (g kg–1)
                                                    T0                                   T1

N50                                                             9.2                                             7.8
N100                                                           9.0                                             9.0
Significance                                            n.s.                                              *
*P<0.05; n.s., not significant.
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Conclusions
This work clearly demonstrates that giant reed cultivation can

significantly improve ecosystem services of hilly cropping systems
by reducing soil losses (up to 78%) as compared to fallow, with a
soil protection effect comparable to a permanent meadow. This
effect is due to a good soil covering of giant reed (LAI values high-
er than 1.5) for many years during the critical months characterized
by higher rain erosivity in the Mediterranean environment. An
interesting biomass production was obtained adopting the higher N
input fertilization (100 kg N ha–1), that allowed to keep SOC con-
stant during our trial. This means that, even if a reduction of N
inputs is one of the main pillars in sustainable cropping systems, a
low N input management cannot be considered as a sustainable fer-
tilization strategy for giant reed in low fertile marginal soils being
associated to both lower yields and a significant decrease of soil
fertility (reduction of SOC content). The biomass production along
the fifteen years of experimentation showed a decreasing trend
only from the last year. However, the results indicate that even if a
lower giant reed biomass yield occur in low fertile and eroded soils
as compared to more fertile environments, productive levels and
soil cover can be kept constant (up to 10 years after the initial 4-
year crop establishment phase) in comparison with more fertile
environments also resulting in a longstanding soil protection from
soil erosion and SOC conservation. 

Highlights
- Soil erosion is an important environmental problem in

Mediterranean hilly areas.
- Arundo donax L. can significantly reduce soil erosion in hilly

cropland.
- Soil protection of giant reed is high during the months with

higher rain erosivity.
- High N inputs enhance giant reed biomass production and

soil fertility conservation.
- In hilly areas yields are lower but more stable over time than

in more fertile environments.
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