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Abstract. Vineyards soils are especially threatened by the risk of soil compaction and soil erosion, with 
negative consequences for wine production and provisioning of ecosystem services. Indeed, adopting 
proper soil management in vineyards is crucial to avoid water losses and erosion by runoff, thus 
improving water infiltration. The use of cover crops in vineyards is widely considered as an effective 
agricultural conservation measure, providing reduction of runoff and erosion processes and several 
other ecosystem services. Within the IN-GEST SOIL project, a preliminary study was conducted in a 
sloping vineyard located in Piedmont, NW Italy, in order to assess the role of permanent grass cover in 
protecting the vineyard’s soil from degradation, especially in relation to soil compaction due to 
machinery traffic and soil erosion. Rainfall characteristics, runoff and its turbidity, soil erosion, and soil 
water content were hourly measured during extreme events occurred in the last two years (2020 and 
2021), in two different inter-row soil managements: 26 runoff events were recorded, 5 of which due to 
extreme rainfall with more than 100 mm in the autumn/winter period. Results show how the soil 
management adopted in a trafficked vineyard strongly influences the infiltration and water retention 
capacity of the soil and the risk of erosion. Indeed, the grass cover halves the runoff by more than 5 
times and reduces the soil erosion by more than 25 times, compared to conventional tillage. Extreme 
rainfall events were responsible for more than ¾ of the runoff and 95% of the soil eroded in the period 
(> 5 t/ha), highlighting the need to improve the environmental sustainability of these agricultural 
systems, considering the challenge of climate change, with forecasts indicating increasing temperatures 
and decreasing rainfall in the Mediterranean region associated with extreme events such as drought 
and intense rainfall.

Introduction 

One of the most widespread cultivations in the world, 

which has been practiced in the Mediterranean area 

for millennia, is viticulture (Corti et al., 2011). 

Vineyards are often associated with several 

environmental problems resulting from the 

intensification of production systems, which evidences 

the need for better management of soil and water 

resources, namely in sloping fields in sub-humid to 

humid climates (Salomé et al., 2016). First step in 

optimizing the use of water and soil in sloping vineyard 

is avoiding water losses and erosion by runoff, 

improving water infiltration (Renard et al., 1997). 

Mechanical tillage and weeding contribute to runoff 

and erosion, mainly when intense rainfall occurs and 

when the soil structure is poor with unstable 

aggregates (Biddoccu et al. 2020). Differently, a cover 

crop in the inter row, even temporary, benefits soil 

functioning whatever the soil type (Biddoccu et al. 

2014). Research results reported by Gómez et al. 

(2011), Prosdocimi et al. (2016), and Capello et al. 

(2020) confirm those conclusions. Reduction of soil 

erosion, control and retardation of runoff, water 

infiltration, increase in organic matter (OM), carbon 

sequestration, and nutrient supply and retention are 

some of the positive effects of using cover crops 

(Salomé et al., 2016; Ruiz-Colmenero et al., 2011; 

Napoli et al., 2017). However, the ground cover plants 

generally compete for water with the grapevines and 

require special care in water scarce areas. 

Furthermore, in vineyards the use of machinery is 

fundamental, thus it is crucial a better understanding 

of its impact on soil compaction, that directly affects 

soil physical properties negatively, resulting in 

reduction of soil porosity, of water infiltration capacity 

and increased runoff and consequent erosion, with 

decrease of storage and supply of water in the soil 

(Capello et al., 2020; Pessina et al., 2021). This soil 

loss is particularly important when the soil is left bare 

in the inter-row and exposed to intense rainfall events 

(Bagagiolo et al., 2018; Rodrigo-Comino et al., 2017). 

The objectives of IN-GEST SOIL Project (Innovazione 

nella gestione dei suoli viticoli attraverso l'adozione di 

buone pratiche e strumenti di supporto alle attività di 

campo), funded by the EU and Regione Piemonte 

within Rural development program 2014-2020 for 

Operational Groups, is the reduction of soil erosion in 

hillslope vineyards in Piedmont, improving soil and 

vine quality by means of the introduction of three main 

innovations: 1) Improved best soil management 

practices; 2) Agro-meteorological monitoring, to 

improve water and soil management; 3) ICT tools for 
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managing of monitored data and field observation to 

support farmers in vineyard management and water-

soil conservation. The focus of this preliminary study, 

which was carried out during the first year of the 

project development, is to investigate how the soil 

management adopted in a trafficked vineyard 

influences the infiltration and water retention capacity 

of the soil and the risk of erosion, in particular when 

extreme rainfall events occur. 

Methods and sources 

The study was conducted in a sloping rainfed vineyard 

located at the “Tenuta Cannona” Experimental Vine 

and Wine Center of Agrion Foundation (44°40′ N, 

8°37′ E, 296 m a.s.l.), in the municipality of Carpeneto 

(AL), in the “Alto Monferrato” (southern part of the 

Monferrato hilly area), in Piedmont, NW Italy. At the 

experimental site, over the period 2000–2021, the 

average annual precipitation was (870,7 mm), ranging 

from a maximum of 1455 mm (2019) to a minimum of 

493 mm (2017), mainly concentrated in autumn and 

spring, while the driest season is summer (12% of 

annual precipitation) and particularly July. The mean 

annual air temperature was 13 °C. 

Since 2000, the vineyard was divided in two plots 

(1221 m2 each) with a different inter row management: 

(i) conventional tillage (CT, hereafter) cultivation with 

chisel (at a depth of about 0.25 m, usually carried out 

twice a year, in spring and autumn); and (ii) controlled 

grass cover (GC), i.e., mulching of the spontaneous 

grass cover. Most of the farming operations in the 

vineyard were carried out using tracked or tyre tractors 

carrying or towing implements, with intensification of 

passages from spring to grape harvest time (up to 27 

passages per year). A weather station hourly 

measured rainfall characteristics, runoff (RO) and its 

turbidity, soil loss (SL), and soil water content (SWC; 

Dorigo et al., 2021) during events occurred in the last 

two years (January 2020 - December 2021), in the two 

plots. 

Theoretical framework and operational 
concepts 

According to Capello et al. (2019a), the average 

annual soil loss measured in the 2000-2016 period 

was 6.6 Mg ha-1 and 1.5 Mg ha-1 in CT and GC, 

respectively; the mean annual runoff coefficient 

measured in the same period was 21 % in CT and 11 

% in GC. 

Rainfall events were defined as the time between the 

initiation and cessation of rainfall or runoff with a lack 

of both of them for at least 12 h. Runoff coefficient 

(RC, %) indicates RO depth divided by precipitation 

depth (P) of the event. Total soil loss (SL, kg ha−1) 

related to each erosive event was calculated as 

sediment concentration multiplied by the runoff 

volume and added to the weight of deposited 

sediments. To get an hourly estimation of the eroded 

soil, water turbidity value (g l-1) was multiplied for the 

volume of RO (l) (Linjama et al., 2009). All runoff 

events recorded were checked and only events with 

runoff higher than 0.03 mm in at least one of the two 

plots or, according to the RUSLE procedure, with 

cumulative rainfall higher than 12.7 mm, were 

selected and considered as significant for this study. 

Following these criteria, 26 runoff events were 

selected, 5 of which due to extreme rainfall with more 

than 100 mm precipitation in the autumn/winter 

period. 

Results 

 
Figure 1. Monthly precipitation (P) and mean 

precipitation in 2000–2019 period (P mean), runoff 

(RO) and soil losses (SL) in CT and GC. 

Considering the last 19 years, 2020 and 2021 were 

drier (90 % and 85 % of the mean annual precipitation, 

respectively). In particular, winter and autumn in 2020 

and spring and summer in 2021 were very dry (only 

20.6 mm, 20% of usual precipitations, in summer 

2021), while winter 2020-2021 was the only rainiest 

period, with rainfall exceeding twice the usual in 

December and January (Figure 1). As consequence 

of low precipitations, yearly runoff was lower than in 

previous years (Table 1). Despite 786.6 mm rainfall in 

2020, RO was only 9.6 and 6.4 mm in CT and GC, 

respectively, with very low erosion. In fact 93 % and 

78 % of RO and almost all the SL of the 2 years was 

concentrated in 2021, mainly in winter and autumn. In 

particular, 2021 RC and SL were lower than in 

previous years principally in GC (3 % and 0.21 Mg ha-

1, respectively), but not in CT, where RC (18 %) and 

SL (5.5 Mg ha-1) were closer to the previous years 

mean value. This difference in RO and SL between 

the two years, although the total rainfall is similar, may 

be due to the different distribution of rainfall among the 

seasons and its characteristics: as stated by Capello 

et al. (2020), SL and RO are influenced by the type of 

event and by the soil conditions. In fact, in 2020, there 

were low precipitations in winter and autumn, that are 

the seasons in which RO and SL are usually higher. 

Comparing in detail the month of October of the two 

years, despite a similar high value of P, the distribution 

of rain was very different: in 2020 there were several 

small events, while in the second year there was only 

a single event with a very high rain intensity. These 

results show also how the soil management adopted 

in a trafficked vineyard strongly influences the 

infiltration and water retention capacity of the soil and 

the risk of erosion. Indeed, the grass cover, compared 

to conventional tillage, halves the runoff by more than 
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5 times, and reduces the soil erosion by more than 25 

times. 

The selected events (Table 1) account for more than 

80 % of the precipitations and almost all the RO and 

SL of the 2 years. Only in GC, a little more than 10 % 

of RO was generated by other little events. In 

particular, 5 runoff events, due to extreme 

precipitation with more than 100 mm, in the 

autumn/winter period, accounting half of the 

precipitations, are responsible of ¾ RO and more than 

90 % of SL in the two plots. 

Table 1. Precipitation (P, mm), runoff (RO, mm), 

runoff coefficient (RC, %) and soil losses (SL, Mg ha-

1) in CT and GC, in the period of study (20+21) and 

for the selected events (Sel_all), divided in normal 

(Sel_normal) and extreme (Sel_extreme). 

Events P RO CT RC CT SL CT 

20+21 1528.4 141.56 9.3% 5.55 

2020 

% of 20+21 

786.6 

51.5% 

9.62 

6.8% 

1.2% 0.01 

0.1% 

2021 

% of 20+21 

741.8 

48.5% 

131.94 

93.2% 

17.8% 5.54 

99.9% 

Sel_all 

% of 20+21 

1256.6 

82.2% 

141.32 

99.8% 

11.2% 5.55 

100.0% 

Sel_normal 

% of sel_all 

579 

46.1% 

31.31 

22.2% 

5.4% 0.07 

1.3% 

Sel_extreme 

% of sel_all 

677.6 

53.9% 

110.01 

77.8% 

16.2% 5.47 

98.7% 

     

Events P RO GC RC GC SL GC 

20+21 1528.4 29.15 1.9% 0.22 

2020 

% of 20+21 

786.6 

51.5% 

6.40 

22.0% 

0.8% 0.01 

2.5% 

2021 

% of 20+21 

741.8 

48.5% 

22.75 

78.0% 

3.1% 0.21 

97.5% 

Sel_all 

% of 20+21 

1256.6 

82.2% 

25.74 

88.3% 

2.0% 0.22 

100.0% 

Sel_normal 

% of sel_all 

579 

46.1% 

6.86 

26.6% 

1.2% 0.01 

6.7% 

Sel_extreme 

% of sel_all 

677.6 

53.9% 

18.89 

73.4% 

2.8% 0.20 

93.3% 

Moreover, most of the runoff was generated by only 2 

events occurred in January and October 2021, and 

most of erosion (more than 85 % in CT and 95 % in 

GC) was due to the single extreme rainfall event 

occurred in October 2021. This confirms what was 

stated by Capello et al. (2020) analysing the previous 

3 years: the most part of RO and SL were generated 

by a few extreme events that, in the sublitoranean 

climate that characterizes the site, are common in 

autumn and winter, and their frequency is increasing, 

due to climate change. The grass cover, compared 

with tilled soil, had a great efficiency in reducing water 

(nearly 8 times) and soil losses (nearly 30 times) 

during the October 2021 extreme event. This 

highlights the necessity to protect the soil and adopt 

adequate soil management to preserve water and soil 

in the different seasons of the year, especially 

considering the soil compaction due to the tractors 

traffication (Capello et al., 2019b). 

The extreme event occurred on 3-4th October 2021 (P 

= 235.4 mm, concentrated in less than 24 h), 

responsible for most of the runoff and erosion of the 

period, was analysed to understand the runoff 

generation process. Due to the passage of agricultural 

machinery for the harvesting, which took place a few 

weeks before, the soil, in both plots, had a resistance 

to penetration greater than 2.5 MPa below 15 cm 

depth. The bulk density values were high, especially 

in correspondence of the track position. Despite this, 

the hydraulic conductivity was higher than 100 mm h-

1 in both plots. As observable in Figure 2, SWC 

increased in a few hours from the start of the rain 

event, reaching the saturation in both plots, when the 

runoff began. It is evident how the RO intensity 

matches the rain intensity, in particular in CT, where 

RO is more intense than in GC. It is also interesting to 

note how the suspended sediments in runoff water 

have a peak only at the start of the runoff process, 

when the water washes away the finer, non-cohesive 

soil surface particles. Also in this case the quantity of 

soil transported by water is greater in CT than in GC. 

 
Figure 2. Cumulative precipitation (P cum, mm), 

Precipitation intensity (P int, X10, mm), runoff (RO, 

mm), soil water content (SWC, m3 m-3 X1000) and 

suspended sediment (kg) in CT and GC. 

It is clear that this is a case of saturation excess 

overland flow: when the soil reaches the saturation, 

water can no longer infiltrate, generating runoff 

(Castillo et al., 2003). It is also possible that 

subsurface return flow has occurred: on slopes, 

especially where the soil is characterized by layers 

with different hydraulic conductivity, after the water 

has infiltrated the upper part and saturated it, it can 

flow by gravity under the surface and then re-emerge 

further downstream (Govi et al., 1985; Luino, 2005). 

The presence of the grass roots ensured a higher 

hydraulic conductivity, also in depth, greatly reducing 

the runoff in the grassed plot. The grass also protected 

the soil from the direct impact of raindrops, slowing 

down the surface runoff, and restraining the 

suspended particles. 

The results confirm that the use of cover crops in 

vineyards is an effective agricultural conservation 

measure, providing various ecosystem services, 

primarily reduction of runoff and erosion processes, 

besides many others (increasing soil organic matter, 

weed control, pest and disease regulation, water 
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supply, water purification, improvement of field 

trafficability, and conservation of biodiversity (Garcia 

et al., 2018; Winter et al., 2018; Hall et al., 2020). 

Nevertheless, in the Mediterranean region wine 

growers are reluctant to use permanent cover crops 

due to concerns over soil water competition with the 

vine (Celette et al., 2008; Ruiz-Colmenero et al., 

2011). In the context of increasing temperatures, wine 

growers tend to use temporary or partial cover crops. 

To further investigate how different soil management 

systems and an adequate programming of the field 

operations, within the IN-GEST project other 4 study 

cases have been implemented in 2021 in other 4 

vineyards (“Cascina Binè” at Novi Ligure, “Nebraie” at 

Rocchetta Ligure, “Cascina Gentile” at Capriata 

d’Orba and “Torchio” at San Damiano d’Asti). This 

study will aim to improve the environmental 

sustainability of the vineyard, the relevance of which 

is further enhanced in the context of the climate 

change, with forecasts indicating increasing 

temperatures and decreasing rainfall in the 

Mediterranean region associated with extreme events 

such as drought and intense rainfall (IPCC, 2018). 

Conclusions 

As consequence of low precipitations in 2020 and 

2021, yearly RO and SL were lower than in previous 

years, mainly in GC than in CT. Most of the erosion 

was generated by a single extreme precipitation 

occurred in the autumn 2021, during which the grass 

cover had a great efficiency in reducing water and soil 

losses. These results highlight the necessity to protect 

the soil and adopt adequate soil management to 

reduce water and soil losses in the different seasons 

of the year. This is particularly necessary especially in 

periods where high levels of soil compaction, due to 

tractors traffication, are associated to relevant rainfall 

events. These extreme events are increasing in 

frequency in the context of the climate change. 
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