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Abstract: It is well known that rainfall causes soil erosion in sloping German vineyards, but little is known about the  
effect of age of plantation on soil erosion, which is relevant to understand and design sustainable management systems. 
In the Ruwer-Mosel valley, young (1- to 4-years) and old (35- to 38-years after the plantation) vineyards were selected to 
assess soil and water losses by using two-paired Gerlach troughs over three years (2013–2015). In the young vineyard, 
the overland flow was 107 L m–1 and soil loss 1000 g m–1 in the year of the plantation, and decreased drastically over the 
two subsequent years (19 L m–1; 428 g m–1). In the old vineyard, soil (from 1081 g m–1 to 1308 g m–1) and water (from  
67 L m–1 to 102 L m–1) losses were 1.2 and 1.63 times higher, respectively, than in the young vineyard. 
 
Keywords: Soil erosion; Old vineyard; Young vineyard; Rainfall; Tillage; Ruwer-Mosel valley. 

 
INTRODUCTION 
 

The German viticulture region of the Mosel valley is situated 
close to the northern European boundary for commercial grape 
growing, which depends on favourable pedoclimatic conditions 
for winter survival and grape ripening (Ashenfelter and 
Storchmann, 2010). Climatic, geomorphologic and phenologi-
cal characteristics are the most studied natural conditions in 
order to determine the quality of German vineyards (Fischer et 
al., 1999; Urhausen et al., 2011). The introduction of new plan-
tations of vines and an increase in the occurrence of extreme 
rainfall events are contributing to soil degradation processes on 
German hillslope vineyards. Vegetation cover protects soil 
against erosion runoff generation (Martínez-Casasnovas et al., 
2009; Ruiz-Colmenero et al., 2013), but also it improves soil 
quality (Hosseini et al., 2017; Salomé et al., 2016). This is 
relevant as soil can act as a natural filter for water and manage 
biogeochemical cycles in a world affected by global changes 
and searching for sustainable development (Keesstra et al., 
2012). However, vineyards typically try to avoid the growth of 
weeds and ploughing soils to remove them is a common man-
agement strategy. 

Causes of soil erosion have been investigated for the Ruwer-
Mosel valley by some authors (e.g. Hacisalihoglu, 2007; Rich-
ter, 1980; Rodrigo Comino et al., 2015a, 2015b, 2016). They 
concluded that: i) steep slopes (15–50°); ii) disturbance of the 
soil profile during plantation; iii) wheel traffic impacts due to 
the use of heavy machinery for tilling and ploughing; iv) high 
overland flow, which results in rills and ephemeral gullies; v) 
tillage practices in the inter-rows; and vi) high silt content, 
which enhances soil sealing, resulted in extremely high erosion 
rates. 

However, little is known about soil erosion and runoff gen-
eration at the plantation scale, which is relevant to improve 
grape production, reduce the use of pesticides and fertilizers, 
and avoid losses of nutrients and water (García-Díaz et al., 
2017). This knowledge will also improve understanding of the 
runoff generation mechanisms and the connectivity of the flows 

within plots, slopes and watersheds (Masselink et al., 2016; 
Sofia and Tarolli, 2017). 

Different strategies and methods have been applied in Euro-
pean viticulture regions to measure, quantify and monitor soil 
erosion processes, including: i) small portable rainfall simula-
tors (Prosdocimi et al., 2016; Rodrigo Comino et al., 2015a; 
2015b); ii) erosion pins and sediment traps in closed plots (No-
vara et al., 2011; Ruiz-Colmenero et al., 2011); iii) botanical 
benchmarks (Paroissien et al., 2010; Rodrigo Comino et al., 
2015b, 2016); iv) remote sensing (Mathews and Jensen, 2013; 
Taylor et al., 2009); and v) predictive modelling (David et al., 
2014). However, few researchers have focused on the temporal 
and seasonal changes in soil erosion at different vine ages.  

The main goal of this study was to assess the role of water in 
soil erosion processes on two paired plots with vineyards of 
different ages since plantation (1- to 4- and 35- to 38-year old 
plots, called here young and old plantations, respectively) over 
three years to understand the seasonal and temporal changes in 
soil erosion. This strategy will inform us about the effect of 
plantation on the total soil erosion over the life-span of a vine-
yard. 

 
MATERIALS AND METHODS 
Study area 

 
The studied area is located in the village of Waldrach (Ru-

wer-Mosel Valley, Rhineland-Palatinate, Germany; 49.7418N; 
6.7524E, Figure 1). The mean annual rainfall is 765 mm, and 
during the research period, the annual rainfalls were 902 mm 
(2013), 660 mm (2014) and 524 mm (2015). The highest values 
are concentrated in the summer months (65–72 mm per month) 
and the lowest values of monthly precipitation are between 
February and April (50–60 mm per month). The average annual 
temperature is 9.3°C, with average maximum values from June 
to August (16.2–17.6°C) and minimum values from December 
to January (1.5–2.3°C). The old and young vineyards are situat-
ed on a single hillslope with an altitude from 200 to 300 m a.s.l. 
and slopes from 15° to 30°. The length of both plots ranged  
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Fig. 1. Study area in the Ruwer-Mosel Valley. 
 

 
Table 1. Soil analysis of physical and chemical properties. 
 

 Old vineyards Young vineyards 
Gravel (%) 37.9±4.8 59.7±5.1 
Fine material (%) 62.1±4.8 40.3±5.1 
Sand (%) 26±3.1 26.8±6.9 
Silt (%) 64.7±2.8 64.3±5.8 
Clay (%) 9.3±1.4 8.9±1.3 
TOC (%) 7.9±3.6 6.1±3.2 
CaCO3 (%) 0.9±0.3 1.2±0.3 
EC (dS m-1) 0.3±0.2 0.4±0.2 
pH (H2O) 7.2±0.2 6.5±0.2 
pH (KCl) 6.4±0.2 6.5±0.3 
Dif. 0.9±0.1 0±0.1 
SWC (%; FC) 27.7±4.5 28.8±3.4 
SWC (%WP) 12.3±2.4 10.5±1.5 

 
between 60 and 70 meters. Soils are classified as leptic-humic 
Regosols (IUSS Working Group WRB, 2014). Physical and 
chemical soil properties are summarized in Table 1. Infor-
mation about soil analysis procedures were explained in detail 
in Rodrigo Comino et al. (2016). 

The highest stone content was observed in the young vine-
yard (59.7±5.1%). In the old vineyard stone content was 
37.9±4.8%. Silt was the most common particle size at the study 
site with an average of 64.7% in the old vineyard and 64.3% in 
the young one. The sand content averaged 26% in the old plot 
and 26.8% in the young one. Clay particles arranged from 8.9% 
(young vineyard) to 9.3% (old vineyard). Soil textures were 
silty loam in both plots. High soil water content at field capaci-
ty was documented for both areas, being close to 30%. At the 
wilting point, values decreased to 12.3% in the old vineyard 
and 10.5% in the young one. Total organic carbon was higher 
in the old vineyard (7.9%) than in the young one (6.1%). Car-
bonates content was low in both studied areas (from 0.9% to 
1.2%). Electrical conductivity was considered extremely low, 
with values from 0.3 dS m–1 to 0.4 dS m–1. Values of soil pH in 
the old vineyard were higher (7.2 with water solution and 6.4 in 
KCl) than in the young one (6.4 and 6.5, respectively). There-

fore, no soil acidification trends were noted in the old vineyard. 
Even if the differences had been greater than 1, no soil acidifi-
cation trend would have been noted in the old vineyard because 
the old vineyard pH was higher (more basic). On the other, a 
slight acidification trend was observed in the young vineyard. 

Similar traditional soil tillage and vine training systems were 
used in both vineyards. The grape variety is Riesling and the 
yearly soil management consists of: i) a mechanical tilling of 
the top layer (≈20 cm) before and after grape harvesting (spring 
and early autumn); ii) the use of mulch and grass covers, which 
range from about 20 cm along the inter-rows and under vines to 
between 10–35 cm of height; iii) the use of vine training sys-
tems composed of a plantation framework about 0.9 m x 1.0 m; 
iv) redistributing a soil cover of slates to protect the surface 
against cold temperatures; and, v) the application of sprays 
during spring and summer by helicopter. 

 
Soil loss, runoff and sediment concentration measures using 
Gerlach troughs 

 
Gerlach troughs were built, installed and utilized as sediment 

collectors (Gerlach, 1967). Four sediment collectors with a 
width of 150 cm were placed in the inter-rows and part of the 
rows (Fig. 2). Amounts of soil loss, surface flow and sediment 
concentration were calculated in g, L and g L–1, respectively. 
The open soil erosion plots gave information about the soil (g) 
and water losses (L) but the contributing area is uncertain. This 
is why the soil erosion rates or overland flow are shown in  
g m–1 and L m–1, respectively. 

Over a period of three years (2013–2015), two Gerlach 
troughs were located at the bottom of each studied crop. They 
were equipped with a slanted front edge to prevent scouring or 
undercutting of the trough. Additionally, all of them were con-
nected to collecting tanks (200 L) to be prepared for extreme 
rainfall events, which can exceed the total storage capacity of 
the collector (30 L up to the spillway). Two Hellmann rain 
gauges were placed close to the Gerlach troughs in both  
vineyards to measure rainfall amounts from each natural event. 
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Fig. 2. Gerlach troughs in old and young vineyards. 
 

The maintenance of the equipment and sampling were per-
formed every one to three weeks. Samples were used to deter-
mine overland flow and sediment concentration, and from that 
to calculate soil erosion rates. All single events were summed 
up as annual (2013, 2014 and 2015) and seasonal intervals 
(December–February, March–May, June–August and Septem-
ber–November).  

 
Statistical analysis 

 
The Spearman rank coefficient was calculated to observe the 

statistical significance between soil erosion and rainfall events 
or human interventions, which did not show parametric distri-
butions. Furthermore, to assess soil erosion variability, an index 
for the replicated erosion plots proposed by Nearing et al. 
(1999) was applied (Eq. 1): 

 

R diff = 2 1
2 1

M M
M M

−
+

 (1) 

 
where M1 and M2 are paired values of every soil loss and 
overland flow quantifications from two replicate plots. These 
values can oscillate between 0 and 1, when M2 is equal to M1, 
no relative differences exist among the paired values. 

Finally, a Mann-Whitney Rank Sum Test was applied to test 
differences between values using SigmaPlot 13 (Systat Soft-
ware, Inc.), after observing non-normal distribution of the data. 

 
RESULTS 

 
All registered events obtained by using the four Gerlach 

troughs were compared by histogram analysis. A high variabil-
ity of the distribution was observed (Fig. 3). The frequency 
distributions showed a majority of rainfall events did not lead to 
soil loss and overland flow. However, both distributions 
showed large differences in their extreme values. In the old 
vineyard, Gerlach trough number 2 recorded the highest varia-
bility and differences with sediment collector number 1, show-

ing more events with greater than 400 g m–1 of soil loss and  
300 g L–1 of sediment concentration. In the young vineyard, 
several differences were obtained between the two-paired Ger-
lach troughs for events with an overland flow greater than  
9 L m–1 and more than 75 g L–1. 

Seventy-five rainfall events during the three study years 
(2013–2015) are summarized in Table 2 and Figure 4. The 
highest total rainfall (902 mm) was recorded in 2013 and then 
the annual precipitation decreased by 26.8% (2014) and 41.9% 
(2015) relative to 2013. The highest average overland flow and 
soil loss (107.4 L m–1; 1000.4 g m–1) were recorded during 
2013 for the young vineyard. In the following two years (2014 
and 2015), parallel with the decreased rainfall amount, these 
values decreased by 82.3% and 57.2%, respectively. However, 
the sediment concentration increased by 215% from 2013  
(9.3 g L–1) to 2015 (29.3 g L–1). The data for the old vineyard 
showed an increase in the overland flow of about 4%  
(1.7 L m–1) and a soil loss of about 8.9% (95.7 g m–1). The 
highest results were recorded in 2014 with 101.6 L m–1 for 
overland flow and 1308.1 g m–1 for soil loss. However, the 
increased sediment concentration was similar to the young 
vineyard for the same period (2013–2015): 194.3%. 

Looking at the seasonal pattern (Table 3), the highest over-
land flow was registered in the young vineyard from December 
to February (63.5 L m–1) and in the old vineyard between Sep-
tember and November (104.7 L m–1), which coincided with the 
grape harvesting period (October-November). For the young 
vineyard, the lowest values were found in spring (March-May) 
at 34.8 L m–1 and 26 L m–1, respectively. From June to August, 
soil loss values showed the highest rates (1013.1 g m–1) at the 
end of the soil tillage practices and before the grape harvesting 
period. For the old vineyard, the highest amounts were recorded 
in autumn (1053 g m–1) and spring (March-May, 1293.2 g m–1). 

Taking both plots into account, the highest sediment concen-
trations coincided with the lowest overland flow and the highest 
soil loss rates. In the young vineyard, the results reached  
24.5 g L–1 (June, July and August) and in the old vineyard 
110.2 g L–1 (March, April and May). These times coincided  
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Fig. 3. Statistical distribution of the soil loss, overland flow and 
sediment concentration results. 

 
with soil tillage by heavy machinery and increased foot traffic 
on the topsoil layers during harvest. The lowest sediment con-
centrations were recorded from December to February in each 
plot, occurring during the driest yearly period and a few months 
later after soil tillage practices and grape harvesting were com-
pleted. 

Finally, Spearman's rank correlation coefficients between 
overland flow, soil loss, sediment concentration and rainfall 
depth were calculated for the old and young vineyards (Table 
4). From December to February, highly statistically significant 
differences (p<0.01) were obtained in the young vineyard be-
tween sediment concentration and soil loss. In the old vineyard, 
high correlation coefficients were obtained between overland 
flow and rainfall and between sediment concentration and soil 
loss. Between March and May, highly statistically significant 
differences (p<0.01) were observed in the young vineyard 
between soil loss and overland flow and between sediment 
concentration and soil loss. The highest correlations in the old 
vineyard were: i) between sediment concentration with soil loss 
and with the overland flow; ii) overland flow with rainfall; and, 
iii) with soil loss. In summer, highly statistically significant 
differences were detected in the young vineyard for the correla-
tion between rainfall events and overland flow and between 
sediment concentration and soil loss. In the old vineyard, the 
highest correlations were found between rainfall and overland 
flow and between sediment concentration and soil loss. Finally, 
from September to November, correlations at p<0.05 were 
obtained for the young vineyard only between rainfall and 
overland flow. In the old vineyard, the highest correlation (at 
p<0.01) was between soil loss and overland flow. 

The index developed by Nearing et al. (1999) and the Mann-
Whitney Rank Sum Test registered higher variability of over-
land flow (Rdiff = 0.78) in the two-paired sampling Gerlach 
troughs in the old vineyard than in the young one (P = 0.064, 
Rdiff = 0.001) at the intra-plot scale (Table 5). On the contrary, 
soil loss showed similarly high variability in the young vine-
yard (P = 0.093, Rdiff = 0.039) as in the old vineyard (P = 0.042, 
Rdiff = 0.031). 

Table 2.Total annual average overland flow, soil loss and sediment 
concentration between 2013 and 2015. 
 

   Year Young vineyard Old vineyard 

Overland flow (L m–1) 
2013 107.4 (0.6) 67.0 (56.1) 
2014 61.4 (6.7) 101.6 (117.5) 
2015 18.9 (11.9) 69.7 (89.8) 

Soil loss (g m–1) 
2013 1000.4 (1078.7) 1081 (380.7) 
2014 752.9 (199.3) 1308.1 (529.8) 
2015 428.2 (50.6) 1176.7 (677.1) 

Sediment concentration  
(g L–1) 

2013 9.3 (10.1) 21.2 (12.1) 
2014 12.5 (4.6) 29.7 (29.1) 
2015 29.3 (21.2) 62.4 (70.6) 

 2013 902 
Rainfall depth (mm yr–1) 2014 660 
 2015 524 
 

(): standard deviation. 
 
Table 3. Total seasonal average overland flow, soil loss and sedi-
ment concentration between 2013 and 2015. 

 
Season Young vineyard Old vineyard 

Overland flow (L m–1) 
 

D-J-F 63.5 (13.4) 41.4 (37) 
M-A-M 34.8 (10.9) 26.0 (29.6) 

J J-A 43.5 (4.9) 66.3 (85.4) 
S-O-N 45.9 (33.8) 104.7 (111.3) 

Soil loss (g m–1) 

D-J-F 391.5 (97.7) 445.0 (262.8) 
M-A-M 397.5 (112.8) 1293.2 (511.6) 

J-J-A 1013.1 (829.1) 774.6 (535.4) 
S-O-N 382.7 (388) 1053.0 (277.7) 

 
Sediment concentration  
(g L–1) 

D-J-F 6.1 (0.2) 13.2 (5.5) 
M-A-M 12.6 (7.2) 110.2 (106) 

J-J-A 24.5 (21.8) 38.0 (40.9) 
S-O-N 7.2 (3.2) 19.9 (18.5) 

Rainfall depth (mm) 
2013–2015 

D-J-F 481 
M-A-M 496 

J-J-A 552 
S-O-N 556 

 

*D-J-F: between December, January and February; M-A-M: between 
March, April and May; J-J-A: between June, July and August; S-O-N: 
between September, October and November; (): standard deviation. 
 
Table 4. Spearman's rank correlation coefficient between overland 
flow, soil loss, sediment concentration and rainfall depth in diverse 
seasons for the old and young vineyards. 

 
Young vineyards Old vineyards  

D-J-F OF SL SC D-J-F OF SL SC 
OF 1.000 OF 1.000 
SL 0.070 1.000 SL 0.431 1.000 
SC –0.409 0.722** 1.000 SC 0.075 0.812** 1.000 
mm –0.079 0.197 0.330 mm 0.707** 0.375 0.160 

M-A-M OF SL SC M-A-M OF SL SC 
OF 1.000 OF 1.000 
SL 0.646** 1.000 SL 0.65** 1.000 
SC 0.531* 0.608** 1.000 SC 0.739** 0.887** 1.000 
mm 0.513* 0.111 0.192 mm 0.754** 0.368 0.519*

J-J-A OF SL SC J-J-A OF SL SC 
OF 1.000 OF 1.000 
SL –0.083 1.000 SL 0.319 1.000 
SC –0.132 0.754** 1.000 SC 0.233 0.833** 1.000 
mm 0.824** –0.080 –0.075 mm 0.707** 0.131 0.095 

S-O-N OF SL SC S-O-N OF SL SC 
OF 1.000 OF 1.000 
SL 0.374 1.000 SL 0.863** 1.000 
SC –0.275 0.5 1.000 SC 0.511 0.632* 1.000 
mm 0.626* 0.324 0.005 mm 0.451 0.396 0.033 

 

*: p< 0.05; **: p<0.01; OF: overland flow (L m–1); SL: soil loss (g m–1); 
SC: sediment concentration (g L–1); mm: rainfall depth in each season.  
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DISCUSSION 
 
This research aimed to contribute valuable information on 

viticulture regions and their soil erosion processes. In both 
vineyards, similarities were found such as compaction, evi-
dence in the sub-surface layers caused by ploughing and tilling. 
However, several pedological and hydrological differences 
were also observed. The young vineyard showed higher slopes 
(3° and 5° more) and gravel content than the old one. These 
micro-topographical changes and the schistosity enhance the 
weathering of the slates. The rock fragments mainly form a 
laminar morphology and high angularity, offering greater re-
sistance to sediment movement along parts of the slope (Bat-
tany and Grismer, 2000; Fox et al., 1997). Both plots had silty 
loam soil texture, but the young vineyard showed higher sand 
content and the old vineyard had a higher fraction of clay (from 
the backslope to the bottom). The higher soil water content (at 
field capacity and wilting point) in the old vineyard was direct-
ly related to these textural differences, where the soils had a 
greater water retention capacity that reduced the possibility of 
overland flow generation and, therefore, soil loss (Rodrigo 
Comino et al., 2015a). There was also evidence of natural siev-
ing of the silt particles caused by the raindrop impact (Hänsel et 
al., 2016; Marzen et al., 2015). The kinetic energy applied to 
aggregates with elevated silt values is more likely to enhance 
the transport and disaggregation of the fine particles down 
slope only during low rainfall intensities (Ramos et al., 2000). 

Another main factor influencing erosion and runoff was the 
initial disturbance of the soil profile during the preparation and 
levelling practices of the plantation. This activity modified the 
soil structure and increased the stone fraction, enhancing runoff 
generation after extreme rainfall events or soil tillage (Biddoccu 
et al., 2016; Ramos and Martínez-Casasnovas, 2006), but only 
during the first year. Similar impacts of tillage or herbicides 
that enhanced runoff and erosion in comparison with catch 
crops, straw mulches, or geotextiles have been observed in 
studies (Prosdocimi et al., 2016). In the young vineyard, we 
observed that a decrease in the yearly rainfall amount and the 
stabilisation of the topsoil layers (structure and non-embedded 
stoniness) lead to a drastic decrease in the overland flow and 
soil loss from 2013 (year of plantation) to 2015. 

After analysing soil erosion processes by combining season-
al rainfall amounts and soil tillage practice observations, two 
different hydrological dynamics were found (Fig. 5). Before 
harvesting (March–October), soil loss was activated without 
rainfall due to: i) soil tillage practices, which enhanced soil 
compaction and reduced the permeability; and ii) the low soil 
moisture values favoured the disaggregation of the fine parti-
cles. As a result, the highest sediment concentration values 
showed low statistical significance with the rainfall events. This 
process was more intense in the old vineyard than in the young 
one, where the activities of the farmers were greater during the 
time and thus had more influence on hydrologic processes. 
Quinn et al. (1980) found that human trampling is a key factor 
determining soil erosion too. However, there is a lack of infor-
mation about the impact of human traffic on vineyard soil pro-
cesses. The majority of studies have investigated animal tram-
pling (Pulido-Fernández et al., 2013) or recreational activities 
(Tibor and Brevik, 2013; Williams and Brevik, 2010), showing 
negative effects on soil properties such as compaction (Gode-
froid and Koedam, 2004), but have not investigated agricultural 
lands. There is a need to investigate how farmer trampling 
modifies soil compaction and aggregate stability in vineyards to 
develop plans and strategies to avoid its impact (Rodrigo 
Comino et al., 2016). The same dynamic was also confirmed by  

 
 

Fig. 4. Total rainfall events, overland flow and soil loss, in old and 
young vineyards. 
 
Richter, (1980), Hacisihloglu (2007) and Rodrigo Comino et 
al., (2015a; 2015b) in the Ruwer-Mosel Valley. On the contra-
ry, after harvesting we observed that soil compaction decreased  
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Table 5. Relative similarities between the two-paired erosion plots. 
 

Type of vineyards Old vineyards Young vineyard 
Soil erosion parameters Overland flow Soil loss Overland flow Soil loss 
Rdiff (Nearing et al., 1999) 0.78 0.31 0.01 0.4 
Mann-Whitney Rank Sum Test P = 0.001* P = 0.042* P = 0.064 P = 0.093 

 

*: There is a statistically significant difference. 
 
 

 
Fig. 5. Sketch of the spatiotemporal variability of hydrological and geomorphological processes due to rainfall events and soil tillage practices. 
 
and permeability increased (greater in the young vineyard than 
in the old one). Moreover, soil moisture increased enhancing 
the aggregation of the fine particles. Rainfall depth also de-
creased and while overland flow values showed some peaks, 
soil loss rates decreased. Therefore, corresponding sediment 
concentration values were lower. Lasanta (1985), during a 
study in La Rioja (Spain), found evidence that supported the 
idea that a frozen surface also enhances hydric fluxes and, for 
instance, decreases infiltration in vineyards. 

Mechanisms of sub-surface flow can also play an important 
role in the main hydrological dynamic (Hewlett and Hibbert, 
1967; Nasri et al., 2015). Rodrigo Comino et al. (2015a; 
2015b), using a small portable rainfall simulator, confirmed 
high infiltration coefficients (near 100%) in this region and 
small peaks in runoff coefficient during this period with negli-
gible suspended sediment loads values. The alteration of the 
natural hydrological dynamics due to soil tillage, especially in 
the young vineyard, can imply several problems regarding 
solute transport, nutrients and soil losses, landslides due to 
piping processes, formation of rills and ephemeral gullies, 
degradation of roots, and decreased productivity (Biddoccu et 
al., 2013; Bogunović et al., 2016; Hosseini et al., 2017). 

In the future, it would be interesting to pay more attention to 
the intra-plot differences in soil erosion processes in vineyards 
due to trampling effect, assumed sub-surface flow, tillage ero-
sion, and compaction by machinery. Our statistical analysis 
showed an important modification of the natural overland flow 
and soil loss patterns (extreme rainfall events should generate 
more erosion), but the variability at the intra-plot scale was 

very high which made forecasting difficult. Moreover, these 
spatio-temporal variations could hinder possible land manage-
ment plans for larger scales (Chaplot and Poesen, 2012). 

To achieve this goal, possibly other techniques such as SfM 
or Lidar data (Hänsel et al., 2016), soil simulation functions 
with decision networks (Mohajerani et al., 2017), carbon iso-
topic signatures (Novara et al., 2015), or remote sensing (Tay-
lor et al., 2009) could be useful to compare areas of varying 
viticultural ages, different soil properties, and different land use 
managements. Moreover, the use of rainfall simulators is highly 
recommended to study spatial variability in soil erosion, as 
reported by different authors in agricultural and forest soils 
around the world (Iserloh et al., 2012; Ries et al., 2009). This is 
because the use of controlled rainfall allows researchers to 
avoid the spatial and temporal variability found in natural rain-
fall (Katebikord et al., 2017; Sadeghi et al., 2017). Therefore, 
researchers are able to gain a more accurate understanding of 
the impact of human activities, the role of vegetation and plant 
species composition and soil management (Berendse et al., 
2015; Salomé et al., 2016) and sediment modelling at catch-
ment area (Bertalan et al., 2016) on soil erosion and runoff. 

 
CONCLUSIONS 

 
Soil erosion monitoring between 2013 and 2015 showed that 

the highest recorded overland flow (107 L m–1) and soil loss 
(1000 g m–1) were experienced during the first year of planta-
tion. Soil erosion in the old vineyard was more related to rain-
fall properties, tillage management, and harvest activities. We 



Jesús Rodrigo-Comino et al. 

408 

concluded that agriculture soil management by heavy machin-
ery and soil levelling during the plantation are the main causes 
of soil erosion, and once the plantation is established, soil ero-
sion is mainly controlled by trampling effects and compaction 
by heavy machinery during harvest. 
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