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Abstract

Elevated soil loss and runoff rates can reduce soil fertility; therefore, soil erosion control strategies must be implemented at
the hillslope and watershed scale when plantations are established and the soil is bare. In this research, we propose the use of
the Vicia sativa Roth. to reduce the soil losses during the first year to control the peak of soil erosion after the plantation in
tilled vineyards. To test its efficiency, rainfall simulation experiments were carried out with field surveys in The Casa Pago
Gran, in the Eastern Iberian Peninsula. Our results demonstrate that soil properties (organic matter and soil bulk density)
and soil erosion (soil loss, runoff and sediment concentration) were significantly different between the control plot (tilled)
and with cover crops along with August 2016, 2017 and 2018 measurement periods, but not during January 2016, coinciding
with the initial survey before the vetch sown. Runoff initiation was delayed in 3.7 times after 3 years (from 190 till 709 s). The
runoff discharge was reduced by the Vicia sativa from 32.87 till 13.68%, the sediment concentration went down from 18.54
till 3.81 gr 17! and the soil erosion from 3.36 to 0.29 Mg ha~! year™'. An increase in soil bulk density was registered but did
not affect the runoff generation either the soil losses, that was reduced by the plant cover. We conclude that it is necessary to
include soil erosion control measures such as the use of Vicia sativa to reduce soil erosion processes during the first stages
of the vineyard plantations due to the soil quality improvements and the reduction in soil and water losses.
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culture landscapes of the world (e.g.,Bayramin et al. 2006;
Mohammed et al. 2020b; Panagos and Katsoyiannis 2019)
inducing severe land degradation processes (Garcia-Ruiz
et al. 2015; Salvati et al. 2016). The strategies to control soil
erosion were terracing and afforestation (Smith 1914) but
until the 1930s the experimental and restoration approaches
were few and based on engineering strategies such as
improve the drainage or terracing, and plants were not seen
as a proper option. The use of experimental research in the
1930s in the USA resulted in a better understanding of the
soil erosion processes (Lutz 1935) and the initiation of the
soil erosion control research (Ayres 1937) based on the
understanding of soil erosion process and related mechanism
(Ellison 1945). This was also the time that the soil erosion
research was spread to different parts of the world (Stamp
1938) and, then, plants were found to be a suitable option to
control the soil losses in degraded lands.
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Along the twentieth century, soil erosion topic was see-
ing as a key worldwide environmental problem that affects
mainly the food security (Brown 1981) and human health
(Oliver and Gregory 2015). Soil erosion in agriculture lands
was then more investigated and it was found that intense
ploughing (Turtola et al. 2007), use of herbicides (Liu et al.
2016), cultivation of steep slopes (Shi et al. 2012), wrong
soil managements (Mohammed et al. 2020a; Li et al. 2020)
and subsequent soil compaction (Parker 1995; Al-Dousari
et al. 2019) and soil degradation (Hill et al. 1995) resulted
in high erosion rates.

Accelerated soil erosion rates were found under differ-
ent crops, for example, in cereals, were found high in many
countries (Santisteban et al. 2006; Nunes et al. 2011; Lopez-
Vicente et al. 2015). But other crops also showed high soil
erosion rates due to the bare soils. For instance, olive groves
are characterised by the higher soil losses such as was found
by Nekhay et al. (2009), Fernandez et al. (2020) or Sastre
et al. (2016). Vineyards presented also higher erosion rates
(Rodrigo-Comino 2018), mainly due to the intense plough-
ing and the lack of vegetation cover and the loss of the can-
opy during the winter (e.g.,Lopez-Vicente and Alvarez 2018;
Ben-Salem et al. 2018; Miréds-Avalos et al. 2020). Citrus
plantations also contribute to high erosion rates character-
ised such as was found in China (Liu et al. 2012) and the
Mediterranean belt (Cerda and Jurgensen 2011). In the last
three decades, a growth of the soil erosion measurements
found that some other crops contribute to high erosion rates
(Panagos et al. 2020).

The mechanization of the agriculture system results in
higher erosion rates in citrus, vineyards and olive planta-
tions due to the soil compaction, the removal of the ter-
races and the loss of hedgerows (e.g.,Karamage et al. 2016;
Mutegi et al. 2008; Zemke 2016). Orchards and groves use
to contribute with high erosion rates such as the research on
apricots (Keesstra et al. 2016), almonds (Raya et al. 2006;
Rodrigo-Comino et al. 2018b), persimmons (Bayat et al.
2019; Rodrigo-Comino et al. 2020b), or avocado (Atucha
et al. 2013) discovered.

The scientific research devoted to soil erosion found that
the highest soil erosion rates were found during the plan-
tation due to the soil compaction (Rodrigo-Comino et al.
2017a, b) and the reduction in soil hydraulic conductivity
(Alagna et al. 2019). This resulted in an increase in runoff
generation and soil losses for some years due to the lack
of vegetation cover (Cerda et al. 2017; Rodrigo-Comino
et al. 2018c). The impact of the plantation works was found
also as the key factor by Rodrigo-Comino et al. (2017a, b)
due to the impact of the transport of equipment that results
in compacted soils, the bare surfaces and the lack of crop
cover due to the low biomass of the recently planted vine-
yards and the increase in runoff connectivity (Cerda et al.
2017). The overview given here about the conditions of the
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agriculture land from the soil erosion point of view shows
an environmental problem: an acceleration of the soil losses.
Figure 1 shows some examples of erosion processes in vine-
yards. Moreover, during and after the plantation soil ero-
sion is enhanced. We propose in this research the use of a
specific cover crop, the Vicia Sativa roth. to reduce the soil
losses during the first year after the plantation to control
the peak of soil erosion and, subsequently, preventing the
degradation processes during the coming future years. To
date, the use of this plant is scarce in the scientific litera-
ture. For example, (Novara et al. 2011) for 9-year-old vine
plantations in Sicily and different comparisons to other cover
crops such as Vicia faba, Trifolium subterraneum, Festuca
rubra and Lolium perenne. Also, (Cerda et al. 2018b) used
Vicia Sativa L. in a citrus organic farming in the Canyoles
river watershed, Eastern Spain. (Sharaiha and Ziadat 2008)
at Jordan, University Station used different plant densities
(250, 300, and 350 plants/m~2) under different cropping sys-
tems with barley (Hordeum vulgare L.) and common vetch
(Vicia sativa L.) to assess differences in soil erosion rates. In
an Inceptisol soil type, representative of the Santa Catarina
highlands in southern Brazil, (Bertol et al. 2005) also tested
the Vicia sativa to assess the possible connections between a
crop cycle sequence and water erosion, calcium, magnesium
and organic carbon losses. All of them confirmed that a clear
reduction in soil and water losses can be found; however,
there is a lack of information about the use of this cover crop
at the early age of plantation.

To test the efficiency of this soil erosion control measure
during the first years after plantation, rainfall simulation
experiments were applied and soil samples were collected
with field surveys during 3 years (2016, 2017 and 2018) dur-
ing different seasons. We compared a total of 10 plots with
Vicia sativa to 10 control tilled ones. This study is designed
for a specific vineyard farm in a localized region of Terres
dels Alforins, Moixent municipality, Eastern Spain. How-
ever, we hypothesize that the results can be designed for
other countries at a regional scale. The feasibility of this
methodology can be implemented in other regions of the
world having different climatic and soil conditions.

2 Materials and methods
2.1 Study area

Pago Casa Gran is a certified organic farm located in the
traditional viticulture region of Terres dels Alforins, Moix-
ent municipality, in Eastern Spain (Fig. 2a—e). Climate
is the dry Mediterranean, with a mean annual rainfall of
350 mm year™! and average annual temperature 13.8 °C
(Rodrigo-Comino et al. 2020a, b, c). The experimental sites
were located in a pediment at the footslope of the Serra
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Fig. 1 View of different fields
planted with vineyards and land
degradation features. a shows
the rills and gullies formation
during extreme rainfall events.
b Displays the view of recently
planted vineyard under Tillage
conditions, which results in
fields that are a huge source of
sediments. ¢ Informs about the
accumulation and cracking of
sediments in the lower part of

a field. d Advises of the inter-
mediate area, where transport
is the main mechanism in a
large vineyard. e view after the
rainfall and the following runoff
generation and soil displace-
ment and illustrate how some
parts of the field loose soil (see
a) but others gain sediments,
and the sediments can bury the
saplings of vines, and farmers
need to dig to avoid the death
of the plants. The digging is to
rescue the young vines buried
by the sediments. f shows a
plant sprouting within the
crusted and cracked sediments 1
week after the flood took place
in June 2018 in the Els Alforins
wine production area in Eastern
Iberian Peninsula

Grossa. The soil is sandy loam Typic Xerofluvent (Soil Sur-
vey Staff 2014). The research was carried out during the
years 2016, 2017 and 2018. The study area was selected
in 2013 when the parcel was an apricot field. In 2014 the
apricot trees were removed, the soil deeply ploughed and
after 1 year levelled, ploughed again and planted with new
vines in January 2016. The rainfall simulation experiments
were carried out in February 2016 after the vine planta-
tion, and again during 3 years in August 2016, August 2017
and August 2018. The experiments and sampling collection
were carried out in summer, during the traditional Mediter-
ranean drought to avoid spatial and temporal changes in the
soil moisture, which highly affect the soil hydrological and
erosional (Wei et al. 2007).

We selected two paired study plots within the Casa
Pago Gran (Fig. 2e). The Control plot was under Tillage;
meanwhile, the Vicia sativa Roth plot was not tilled in the
interrow area. The grape (Vitis vinifera L.) variety is Ries-
ling which is the most awarded from the winery and they
follow the Valencia Organic Farming Committee (Comité
d’Agricultura Ecolégica de la Comunitat Valenciana) rules.
The Vetch (Vicia sativa Roth) were sown in January at a
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rate of 60 kg ha™! year™!. Hedgerows with olive trees and
aromatic plants are present on the farm too to increase the
biodiversity. Figure 2e, f shows a view of the study sites, the
location of the plots and the layout of the experiment and the
sampling strategy. During the plantation works in January
2016 different machinery (tractors, lorries, vans) and the
trampling of the workers was present after a levelling of the
whole parcel with heavy machinery.

2.2 Experimental Layout

Immediately after the wine planting twenty rainfall simula-
tion plots were located at the two research sites: Vicia sativa
(10 plots) and Tillage (10 plots). Soil sampling at each plot,
and rainfall simulation experiments were performed in Janu-
ary 2019 before the Vicia sativa sown (February) to deter-
mine the differences amongst the two experimental sites
(Fig. 2e). Later we carried out experiments in August 2016,
2017 and 2018 in the Tillage (Fig. 2g) and the Vicia sativa
(Fig. 2h) sites to assess the impact of vegetation cover as a
soil erosion control management, and to survey the temporal
changes of the soil erosion rates along three experimental
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Fig.2 View of the study sites (a and b) and the rainfall simulator (c
and d). Location of the study plots and study sites at the Pago Casa
Gran research station (e) for Control (Tillage=T) and Vicia sativa
(VS) plots are shown for the four experimental seasons in February

Tand VS

years. We selected two experimental fields in January 2016
during the plantation of the vines. The plots of the rainfall
simulation experiments were located in different parts of the
field (Fig. 2e) during each experimental period to construct
a temporal series after the plantation. The Tillage plot was
tilted four times per year (March, May, July and Novem-
ber). The Vicia sativa plot was treated with a plant chopped
machine adapted to a tractor in April, June and August.

2.3 Rainfall Simulation Experiments, Soil Sampling
and Surface Characterisation

Plant, litter, rock fragment, and bare soil covers were
measured before the rainfall simulation experiments and
were determined by measuring 100 points regularly dis-
tributed at each 0.25 m? plot, and then, considered as a
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December\ March/May/June
2017 2018

2016, August 2016, August 2017 and August 2018. Experimental
Layout and timing of the experimental layout (f) and view of two
rainfall simulation experimental plots (g and h)

percentage value. Soil sampling took place at each of the
80 research plots (10 in Control and 10 in Vicia sativa
plot in February 2016, and August 2016, 2017 and 2018).
The samples were taken a 0—6 cm depth with a ring of
6 cm of diameter and 6 cm depth. Grain size, soil mois-
ture and organic matter and bulk density were determined
from the samples collected in February 2016. Soil mois-
ture and organic matter and bulk density were measured
again at each rainfall simulation plot August in 2016,
2017 and 2018. The pipette method was used to deter-
mine the grain size (Deshpande and Telang 1950). Bulk
density was measured using the ring method. Soil organic
matter was measured using the Walkley—Black method
(Walkley and Black 1934). Soil moisture was determined
by the desiccation and measured in all the 80 samples.
Twenty samples were collected at each sampling period
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(January 2016 and August 2016, 2017 and 2018), 10 for
Vicia sativa management and 10 for Tillage.

The experimental setup for the rainfall simulation
experiments was identical than for the soil sampling. Ten
plots per management (10 Tillage and 10 Vicia sativa)
by four seasons (February 2016 and August 2016, 2017
and 2018) were used to carry out a total of 80 rainfall
simulation experiments at 55 mm h™! rainfall intensity for
one hour on circular paired plots (0.25 mz) (Cerda et al.
2020). For more detailed information about this rainfall
simulator, the readers can visit the previous articles pub-
lished by Cerda (1997), Cerda et al. (1997). For the cali-
bration, more information can be found in the compari-
sons articles performed under laboratory (Iserloh et al.
2013) and field conditions (Rodrigo-Comino et al. 2016).
At each plot, runoff flow was collected at 1-min intervals
and water volume was measured. The runoff coefficient
was calculated as the percentage of rainfall water leav-
ing the circular plot as overland flow. Runoff samples
were desiccated (105 °C, 24 h) and sediment yield cal-
culated on a weight basis to calculate soil loss per area
and time (Mg ha~! h™!). During the rainfall simulation
experiments, time to ponding (time required for 40% of
the surface to be ponded; Tp, s), time to runoff initiation
(T, s) and time required by runoff to reach the outlet (7,
s) were recorded. T,—T, and T,,—T, were calculated and
they indicate how the ponding is transformed into runoff
and how much time the runoff on the soil surface needs
to reach the plot outlet. These parameters are good indi-
cators of the hydrological connectivity within the plot.

2.4 Statistical Analysis

First, the measured factors with a clear influence on soil
erosion were depicted in box plots (Fig. 3) including the
median (continuous line), averages (dotted lines) and out-
liers (black circles): vegetation and rock fragment covers,
litter, bulk density, soil water content and organic matter.
Then, these above-mentioned variables considered as key
factors and the rainfall simulation results (Tp, T, T, soil
loss, etc.) were presented in form of tables with averages,
standard deviation (%), maximum and minimum values
(Tables 1, 2 and 3). Furthermore, we compared the results
per year and treatment using the ¢ test method. Since all
the results showed a non-normal distribution (normal-
ity test Shapiro—Wilk), a Tukey test was performed. We
considered that significant differences can be relevant at
p <0.001 levels. Finally, one linear graph (hydrological
response per plot and year) and another scatter plot (soil
loss vs runoff coefficient) were also depicted (Figs. 4,
5,6,7).
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3 Results
3.1 Soil properties

In Fig. 3, soil properties and environmental plot char-
acteristics are presented. During the plantation period
early 2016, the soil was almost bare due to the plough-
ing and the plantation works (Fig. 3a). The most constant
cover during this period was the rock fragments with 2.2
and 1.9% for Tillage and Vicia sativa plots, respectively
(Fig. 3b). No statistically significant differences were
found (Table 1). In August 2016, the vetch was already
established, and the cover was 23.6% due to the litter
(15.3%), plants (6.3%), rock fragment (0.5%). Meanwhile,
the Tillage plot was almost bare (1.4%) with no litter, few
plants (0.9%) some rock fragment (2%). In August 2017,
the Tillage plot was similar, almost bare (3.4%) and the
Vicia sativa plot reached 41.9% thanks to the vetch and
weed cover (16.4%), and the litter (25.2%) (Fig. 3a, c).
This cover reached higher values in August 2018 with
54.8% cover: 27.4% plants and 25.7% litter. The litter was
a consequence of the dry conditions in August and the pass
of the chipped machinery to cut the weeds and the vetch.
Statistically significant differences were found along with
the three-fieldwork campaign once the vetch cover was
established (Table 1).

In February 2016, during the plantation of vines and
after 1 year of ploughing and soil preparation for the
plantation the soils at the Casa Pago Gran research sta-
tion shown very low organic matter content (1.05 and
1.04%), high bulk density (1.24 and 1.23 g cm~>; Fig. 3d),
soil moisture (15.2 and 15.1%) and Sandy Loam texture
(49/31/20% for Tillage and 49/32/19% for Vicia sativa),
respectively for Tillage and Vicia sativa experimental
plots average values. No statistically significant difference
between the soil properties mentioned above was found.

In August 2016, after the sowing, germination and
colonization of the soil by Vicia sativa, we found changes
in some soil properties. For both study sites, Tillage
and Vicia sativa, the soil was drying due to the summer
drought but the Tillage (5.6%) was slightly wetter than the
Vicia sativa (4.4%) (Fig. 3e). Organic matter was 1.03 and
1.10%, and soil bulk density 1.17 and 1.25 g cm™ for the
Tillage and Vicia sativa plots, respectively. In August 2017
and 2018, once the vetch was properly established and
weeds colonized the plot, some trends can be observed.
Soil moisture showed differences reaching 4.3 and 6.0% in
average values for Tillage and Vicia sativa plots (Fig. 3e).
It was registered general lower values of soil water content
in 2017 and 2018, possibly related to the water consump-
tion by the new plants in the inter-row areas. In August
2017, organic matter was 1.02 and 1.15%, and soil bulk
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Fig.3 Pedological and environmental plot characteristics within each
management and ring plot sample (n=10). a: vegetation cover (%);
b rock fragment cover (%); c¢ litter (%); d bulk density (g cm™); e

density 1.14 and 1.29 g cm™ for the Tillage and Vicia
sativa plots, respectively. Then, in August 2018, the soil
moisture showed again a decrease: 4.3 and 6.4% in aver-
age values for Tillage and Vicia sativa plots, respectively.
Organic matter was 1.00 and 1.19% (Fig. 3f), and soil bulk
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T v§ T VS T VS T VS
02/2016 08/2016 08/2017 08/2018

soil water content (%); and, f organic matter (%). Dotted line, mean
values; continuous line, median; 5th and 95th are also represented in
each box plot extremes; and black circles, outliers

density 1.13 and 1.30 g cm™ for the Tillage and Vicia
sativa plots, respectively.

The statistical analysis showed that all plot and pedolog-
ical characteristics were significantly different between T
and VS along August 2016, 2017 and 2018 measurements,
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Table 1 Comparison of plot environmental and pedological characteristics between tillage (T) and Vicia sativa (VS) management

Variable Dates T vs VS TvsT VS vs VS Variable Dates T vs VS TvsT VS vs VS
Ve 02/2016 p=1 - - Litter 02/2016 p=1 - -
08/2016 p<0.001 - - 08/2016 p=1 - -
0872017 p<0.001 - - 08/2017 p=1 - -
08/2018 p<0.001 - - 08/2018 p=1 - -
02/2016 vs 08/2018  — p=0.876 p<0.001 02/2016 vs 08/2018  — p=1 p<0.001
Rfc 02/2016 p=0.660 - - BD 02/2016 p=0.630 - -
08/2016 p=0.004 - - 08/2016 p<0.001 - -
08/2017 p<0.001 - - 08/2017 p=0.657 - -
08/2018 p=0.547 - - 08/2018 p<0.001 - -
02/2016 vs 08/2018  — p=1 p=0.822 02/2016 vs 08/2018  — p=0.004 p<0.001
Swc 02/2016 p=0908 - - SOM 02/2016 p=0.705 - -
08/2016 p<0.001 - - 08/2016 p=0.002% - -
08/2017 p<0.001 - - 08/2017 p<0.001 - -
08/2018 p<0.001 - - 08/2018 p<0.001 - -
02/2016 vs 08/2018  — p<0.001 p<0.001 02/2016 vs 08/2018  — p=0.009 p<0.001

Significant differences were measured at p <0.05
Ve, vegetation cover; Rfc, rock fragment content; Swc, soil water content; BD, bulk densitz; SOM, soil orgnic matter

*Normality and variance tests passed and ANOVA-one way was conducted

Table 2 Comparison of hydrological response between tillage (T) and Vicia sativa (VS) management

Time n=10 T, (s) T, (s) T,~T,(s) T, (s) T,—T,, (s)
T VS T VS T VS T VS T VS

02/2016  Average 36.3 352 76.6 76.8 403 416 1333 1313 93.0 89.7
Sd 34 2.3 3.6 46 6.5 45 78 45 53 6.4
Max 40.0 38.0 82.0 84.0 50.0 470 1480 138.0 99.0 99.0
Min 30.0 30.0 72.0 71.0 33.0 350 1260 124.0 83.0 81.0
Diff p=0.408 p=0915 p=0.610 p=0.498 p=0.225

08/2016  Average 67.9 1042 2182 4428 1503 3386 4479 8838  297.6 5452
Sd 73 9.9 7.9 31.7 10.7 33.1 28.1 59.1 27.6 49.0
Max 78.0 1190 2300 5020 1660 3900 4920 978.0  350.0 623.0
Min 58.0 940  206.0 4100 1350 2950 4100 810.0  254.0 477.0
Diff p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

08/2017  Average 65.0 1419 2093 5304 1443 3885 4276 10354 2833 646.9
Sd 3.3 24.0 139 254 14.0 19.5 19.3 86.1 25.8 99.4
Max 69.0 1780 2320 5850 1700 4200 4650 1201.0 3300 855.0
Min 60.0 1140 186.0 5060 1240 3460 409.0 9420  249.0 552.0
Diff p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

08/2018  Average 62.1 171.1  189.6 709.1 1275 5380 4236 1368.1  296.1 830.1
Sd 42 14.1 183 59.3 16.4 65.3 29.9 103.4 38.1 125.5
Max 69.0 1980  218.0 7840 1490 6160  490.0 15470  385.0 1059.0
Min 57.0 1450  169.0 6050  105.0 4380  401.0 12450 2520 648.0
Diff p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Significant differences were measured at p <0.05
Tp, time to ponding; 7,, Time to runoff generation; 7, time to runoft to outlet; Diff., differences

*Normality and variance tests passed, and ANOVA-one way was conducted.
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il csion o o g Time n=10 Re(%) Se(el™) Brigm™
(T) and Vicia sativa (VS) T VS T VS T VS
management types
02/2016 Average 45.0 453 223 237 550.5 589.8
Sd 3.0 3.1 1.4 25 477 779
Max 497 49.7 24.0 26.7 643.5 708.0
Min 413 41.0 19.3 19.9 488.6 4724
Diff p=0.836 p=0.138 p=0.191
08/2016 Average 317 228 18.7 8.9 326.5 112.7
Sd 2.5 2.0 15 1.1 29.3 20.5
Max 36.0 25.6 21.1 10.3 398.4 132.3
Min 29.1 20.1 16.9 7.3 2834 80.1
Diff p<0.001 p<0.001 p<0.001
08/2017 Average 325 16.9 18.4 53 3283 493
Sd 35 2.0 1.6 0.7 38.7 6.6
Max 38.0 20.7 21.0 7.0 395.0 60.6
Min 26.4 14.4 16.5 43 255.8 40.4
Diff p<0.001 p<0.001 p<0.001
08/2018 Average 329 137 18.5 3.8 3283 493
Sd 24 1.9 23 0.5 387 6.6
Max 363 17.0 22.0 5.0 395.0 60.6
Min 28.7 111 14.0 3.0 255.8 40.4
Diff »<0.001 p<0.001 »<0.001

Significant differences were measured at p <0.05

Rc, runoff coefficient; Sc, sediment concentration; Er, soil erosion; Sd, standard deviation; Diff., differ-
ences

*Normality and variance tests passed and ANOVA-one way was conducted
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Fig.4 Hydrological response. Evolution of the time to ponding—T7,, (a), time to runoff generation—7,—(b) and time to runoff to the outlet—
T,,—(c) for the whole set of experiments
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(a), and soil erosion (b) for the 4 experimental periods in Pago Casa
Gran. VS, Vicia sativa plot; T, tillage plot

but not during January 2016, coinciding with the initial
survey before the vetch sown. Once the vetch was estab-
lished, there was a slight increase in organic matter, which
show the same trend in plant and litter cover. On the other
hand, it was detected a reduction in soil water content and
bulk density. Rock fragments remained similar along the
43 months of research confirming that both soils were
similar in January 2016 and the catch crop cover slightly
changed some properties.
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3.2 Runoff Initiation

During the rainfall simulation experiments, measurements of
time to ponding (77,), time to runoff (7)), and time to runoff
outlet (7,,), were determined in each plot (Fig. 4). Those
parameters show when the soil was ponded when the runoff
was initiated and when did reach the plot runoff collector,
and they and the 7,7, and T, —T inform about the connec-
tivity of the runoff generation in each plot. Shorter periods
inform about high connectivity. 7}, T, and T}, were shorter
during the plantation works. This was due to bare soil, high
soil moisture and trampling of workers. In February 2016
the ponding was reached after 36.3 s for Tillage and 35.2 s
for Vicia sativa after the rainfall. Runoff was very fast too
(76.6 s and 76.8 s) and T, after 1333 s and 131 s. The high

soil water content in wmter, the soil disturbances due to the
plantation works and the lack of vegetation cover resulted
in very fast initiation and transfer of surface wash: 7,—T,
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was 76.6 and 76.8 s and T,,—T, 93 s and 89.7 s. In August
2016 T,—T, was 150.3 and 338.6 s and T,,—7, 297.6 and
545 s, respectively, for Tillage and Vicia sativa plots. This
delay in the runoff connectivity is due to the drier soil condi-
tions but in the Vicia sativa was due to the delay of ponding
(104.2 s), runoff (442.8 s) and runoff outlet (883.8 s) in com-
parison with the Tillage plot is a consequence of the litter
and land cover. The delay in the ponding and runoff genera-
tion increased in the August 2017 and August 2018 sampling
period in the Vicia sativa plot but there were no changes
in the Tillage one. The TP was 65 and 141.9 s, the 7, 209.3
and 283.3 s and T,, 427.6 and 646.9 s for the Tillage and
Vicia sativa plots in August 2017. One year later the data
increased the differences between Tillage and Vicia sativa.
The 7, was 62.1 and 171.1s, the T}, 189.6 and 709.1 s and 7,
296.10 and 830.10 s for the Tillage and Vicia sativa plots in
August 2018, respectively. In Table 2, we demonstrated that
after the plantation (02/2016), there are no statistically sig-
nificant differences among the hydrological response. After
some months (08/2016), there are drastically significant dif-
ferences among parameters (p <0.001).

3.3 Soil and Water Losses

The highest soil erosion rates were measured during the
wintertime period and immediately after the vine planta-
tion (Fig. 5). In February 2016 runoff discharge 6.8 and
6.2 1 out of the 13.8 1 of rainfall for the two studied plots.
The runoff sediment concentration was 21 g 17! for the Till-
age plots and 26.8 g 17! in the Vicia sativa plots during the
planting works, in average values. This resulted in 4.89 and
4.71 Mg ha~! h™! of soil losses under the high magnitude
low frequency simulated rainfall thunderstorms.

In August 2016, Vicia sativa plot was already covered
with the vetch and the runoff discharge was reduced to
22.1% of the rainfall. The reduction was smaller at the Till-
age plot (31.7%). The sediment concentration in the runoff
dropped at the Vicia sativa till 8.9 g 1! but was similar
(20.2 g171) to the results in February 2016. The soil erosion
rate declined till 3.27 and 1.13 Mg ha~! h™! for the Tillage
and Vicia sativa plot, respectively. The decline in the soil
erosion rates for the Vicia sativa plot was constant in August
2017 and 2018 (0.49 and 0.29 Mg ha~! h™!, respectively).
This was due to a reduction of the runoff discharge (16.9%
and 13.7% for 2017 and 2018) and the sediment concentra-
tion (5.3 and 3.8 for 2017 and 2018). On the contrary, the
Tillage plot showed similar values along with the 2017 and
2018 measurements: 3.28 and 3.26 Mg ha™' h™! for the soil
erosion rates, 32.5 and 32.9% for the runoff coefficient, and
18.4 and 18.5 g 17! for the runoff sediment concentration in
average values.

Finally, in Table 3, we can observe the same trend than in
Table 2, where the rainfall simulation results immediately
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after the plantation does not show statistically significant
differences. After the second field campaign, the results are
drastically different.

4 Discussion

4.1 The Pago Casa Gran Findings Under the Light
of the Current Scientific Knowledge

The new plantations of vineyards resulted in quick changes
in the soil system due to the use and abuse of heavy machin-
ery, the trampling and the removal of most of the vegetation
cover (see Fig. 6). This results in high erosion rates such
as was determined using rainfall simulation experiments
(Rodrigo-Comino et al. 2018a; Negash et al. 2020) and
long-term topographical assessments (Rodrigo-Comino and
Cerda 2018). To achieve the sustainability of the agriculture
land it is necessary to apply proper management that will
reduce soil and water losses and control the impact of the
vine plantations. Tillage can contribute to continuous dam-
age to the soil and could promote high water and soil losses
(Arnaez et al. 2007; Lieskovsky and Kenderessy 2014). In
our experimental site at the Pago Casa Gran in Moixent, the
tillage maintains high soil erosion rates along the 3 years of
monitoring period which confirms previous researches that
inform about the damage caused on soil quality, and how
to induce high erosion rates. Riezebos and Loerts (1998)
found in Paraguay and Chile that mechanically tilled soils
shown a rapid decline in organic matter; meanwhile, no-
tillage induced recovery of the organic matter from 1.45 to
1.90% after 10 years. Mikha and Rice (2004) found that the
Kennebec silt loam under continuous Zea mays L. cultiva-
tion is very sensitive to tillage as aggregation and C and N
are drastically reduced.

The increase in organic matter induced by the no-tillage
could be responsible for an increase in the quality of the soil
structure such as Pagliai et al. (2004) showed. This confirms
the damage which tillage induces in the soil system such
as Rasmussen (1999) found in his review in Scandinavia.
The negative impact of tillage on soil biology, structure
and chemical properties is not a new finding (Doran 1980)
that is being revisited due to the lack of proper information
(Blanco-Cangqui and Ruis 2018; Biberdzic et al. 2020; Cerda
et al. 2020) and the lack of long-term monitoring (Hungria
et al. 2009; Cerda et al. 2018b; Piazza et al. 2020; Klik and
Rosner 2020).

It is already accepted that tillage can induce soil degrada-
tion and high soil erosion rates (Chalise et al. 2020; Dickey
et al. 1985) due to the lowering of the soil organic matter,
disruption of the soil structure and soil sealing. The scien-
tific community has now the challenge to find solutions to
achieve sustainable management that will reduce the soil
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and water losses and preserve soil fertility. There is a need
to achieve sustainable management that will allow agri-
culture to produce healthy food without damaging the soil
and water systems (Salvati and Carlucci 2010; Siraw et al.
2020). The strategies to reduce the soil losses and preserve
the soil properties request innovative ideas such as the use
of mulches. Mulches cover the soil and avoid the raindrop
impact and, then, reduce the soil losses (Niziolomski et al.
2020) and improve the soil quality (Alewoye Getie et al.
2020). Mulches also induce a lower emission of greenhouse
gas emission (Bamber et al. 2020), and it is mainly applied
in the transition from conventional to organic farming (Mas-
saccesi et al. 2020). However, the use of mulching requests
a high investment by the farmers as straw, plastic, chopped
branches and other materials should be transported and
applied in the field (Rodrigo-Comino et al. 2020a). All these
reduce the sustainability of the use of mulches.

The use of other strategies such as polymers (Yakupoglu
et al. 2019), terracing (Ramos and Porta 1997), mulches
(Smets et al. 2008), or contour-ridge tillage (Traore and
Birhanu 2019) to reduce the soil losses and improve the
soil quality usually results in an extra cost for the farmers.
The new agriculture managements to achieve sustainability
should reduce the soil erosion rates and should reach the
acceptance of the farmers (Marques et al. 2015; Cerda et al.
2018a). Moreover, the new management should contribute
to restoring the soils, which means that the soils will pro-
duce the ecosystem services requested by the humankind as
the soil is a key component of the Earth System at different
scales (Rodrigo-Comino et al. 2018d; Negash et al. 2020).
The use of catch crops induces the recovery of the vegetation
cover in the agriculture fields. This is very relevant in crops,
where the soil surface remains bare due to the continuous
and persistent ploughing. And more in vineyards as the vines
are deciduous plants and along with the winter the soil is
bare. The vegetation cover is definitive as a soil conserva-
tion strategy and catch crops contribute to cover and protect
the soil surface, avoid the raindrop impact and the surface
wash and increase infiltration of rainfall and runoff, and this
has been shown in different study sites such as the review
done by Basche and DeLonge, (2019) found. Our research
in Pago Casa Gran in Moixent demonstrate that the use of
catch crops results in a reduction of runoff discharge. And
this is due to the lowering of the runoff discharged by the
use of the Vicia sativa sp. cover (Fig. 7).

On the contrary, Vicia sativa cover induced a continuous
reduction in the soil losses due to the litter and plant cover
generated along with the spring. The results presented here
should encourage farmers to move from Tillage to Catch
Crops covers. The cost of 60 € per ha plus the sowing task
(65 €) contribute to reducing the soil losses. Our measure-
ments under simulated rainfall experiments show that the
soil losses were reduced one order of magnitude along
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the 3 years of research. And that the impact of the vetch
growth along the 3 years. Vetch reduced the soil losses in
2.14 Mg ha=' h™1in 2016, 2.79 Mg ha™' h~! in 2017 and
3.07 in Mg ha=! h™! in 2018. The average reduction in soil
loss was 2.67 Mg ha~' h™!, and this could be 46.82 € Mg~".
Other calculations to shed light on the lack of sustainability
of the vineyards is the comparison with the production of the
vine. Each year the average production for a mature vineyard
in the Casa Pago Gran is of 6000 kg ha™!, which is 8000
bottles ha™!. 1 h of a 5 years return period thunderstorm will
transport in average 2670 kg, or 3560 bottles ha™! of soil
following previous estimations conducted in other vineyards
(Galati et al. 2015; Pappalardo et al. 2019).

The use of cover crops reduced the soil losses in one
order of magnitude in the recent plantations also in other
countries but during not early stages (Novara et al. 2013;
Biddoccu et al. 2017), but which also validate our results.
These findings in vineyards are very promising as the soil
losses are very high due to the traditional tillage in vineyards
and the lack of any cover along with the autumn, winter and
early spring (Martinez-Casasnovas et al. 2005; Martinez-
Casasnovas and Concepcion Ramos 2009). The research
developed at the Pago Casa Gran inform about the positive
contribution of the use of cover crops in semiarid agriculture
systems, where tillage is the traditional management.

4.2 Contrasted Soil Erosion Processes Under Plant
Cover and Bare Tilled Soils

Soil losses using cover crop are highly dependent on the
amount of runoff generated in a plot. The findings of previ-
ous researchers show that when the runoff is high the soil
losses are high (Hofmann and Ries 1991; Gardner and Ger-
rard 2003). Those findings were found under natural rainfall
at different plot sizes and rainfall simulation experiments
in the field (Martinez-Casasnovas and Concepcion Ramos
2009; Novara et al. 2013; Cerda et al. 2020) or under labora-
tory conditions (Mamedov and Levy 2019). Figure 5 demon-
strates these relationships per year and also in the whole set
of data. Soil erosion at Casa Pago Gran research site is lower
as lower is the runoff coefficient. The runoff yield ranges
from more than 40% of the rain to values lower than 20%
due to the use of vetch and the reduction in runoff induces a
reduction in soil losses the move from 600 g m~ till values
below 100 g m™2.

Vegetation is the key control factor to reduce runoff and
soil losses. This is demonstrated at Casa Pago Gran with
the relationship between plant cover and the runoff dis-
charge and soil losses per plot. Year after year, from 2016
till 2018 the runoff discharge was lower when the veg-
etation cover increased with the use of vetch yearly. The
runoff was reduced from 45 to 14%. The plant cover also
protects from the raindrop impact and then the sediment
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delivery was also reduced from 5.9 to 0.29, which is a
drastic change that demonstrates the positive effect of veg-
etation as soil protection. Figure 6 shows this shift after
the use of vetch to control the soil and water losses. Other
authors found similar findings when using plant cover
to protect the soil and water resources (Mohammad and
Adam 2010; Zhu et al. 2015). Vetch was very success-
ful in agriculture lands such as Choi and Daimon (2008)
found as green manure to recover N in the sorghum crops.
Ren et al. (2019), Barbosa et al. (2009) and Choi et al.
(2016) also found a positive effect of vetch to increase
the use of water efficiency and to control the soil losses in
agriculture land. This fully agrees with our study, which
considered that is a good option for farmers that wish to
achieve sustainable agriculture as to reduce the soil losses
as the key target.

The use of simulated rainfall experiments allows to
control and maintain the rainfall characteristics for differ-
ent experiments. In our experimental approach, we found
that other factors such as vegetation are relevant but the
changes in vegetation cover and land management with a
cover of vetch results also in changes in the soil properties.
Organic matter showed a clear impact on soil erosion as
soil with high erosion rates uses to have lower soil organic
matter (Berhe and Kleber 2013; Marques et al. 2020). Our
finding in agriculture land confirms the previous research
such as the one by Reganold et al. (1987) on soil erosion
plots and the one by Guerra (1994) on soil organic mat-
ter and soil erosion under rainfall simulation experiments.
Figure 7a shows this clear effect of the recovery of vegeta-
tion cover and the reduction in the soil losses.

The use of vetch avoids the use of tillage but increases
soil bulk density. The effect of no-tillage has been pre-
viously researched by Logsdon and Karlen (2004) and
Osunbitan et al. (2005) and both show an increase in the
soil bulk density values. This is also found in our research
(Fig. 7b). Another parameter researched at the Pago Casa
Gran vineyards is the time to runoff outlet, which show
that the vetch delays the runoff generation and then the soil
losses are lower (Fig. 7c). A key discussion issue here is
the fact that although the soil bulk density increase with
the use of vetch as cover, the runoff decrease. This can be
due to the development of macropores (cracks, bioturba-
tion by insects and plant roots) that induce a faster and
deeper infiltration of the water (Yi et al. 2019).

This shows the vetch as a nature-based solution to
reduce the soil losses and contributes to accomplishing
with the Sustainable Development Goals of the United
Nations as the vetch is reducing the soil losses and con-
tributing to the infiltration of the runoff and rain (Keesstra
et al. 2018; Visser et al. 2019).
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5 Conclusions

The plantation of new vineyards results in soils affected by
high soil and water losses. Tillage and Vicia sativa cover,
as catch crops, were applied at Casa Pago Gran for 3 years.
Tillage did not induce any relevant change in the soil prop-
erties, runoff initiation and water and soil losses. However,
the cover of Vicia sativa increases plant and litter cover, and
slightly organic matter and bulk density. On the contrary,
a decrease in soil water content showed a more elevated
water competence among cover crops and vines. Vicia sativa
showed a positive effect to reduce the soil and water losses
in recently planted vineyards along the first 3 years after
plantation; meanwhile, tillage did not show any significant
improvement. The results of the research developed in the
vineyards of Pago Casa Gran contributes with key informa-
tion about the use of vetch to reduce the high soil erosion
rates found in recently planted vineyards. This study was
designed for a specific vineyard but the results can be used
to design in other vineyards characterized by bare surfaces,
conventional soil management and Mediterranean condi-
tions, which are the majority nowadays. The feasibility of
this methodology can be implemented even having differ-
ent climatic and soil conditions, where Vicia sativa can be
planted.
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